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(57) ABSTRACT 

A plurality of Sense amplifiers are connected to a Selected bit 
line. Each Sense amplifier is Supplied with a residual current 
corresponding to a current flowing in a memory cell and a 
reference current Serving as a reference for a threshold 
Voltage of the memory cell to Sense the currents. Operations 
of the sense amplifiers are controlled such that different 
Sense margins are provided to different Sense amplifiers and 
a margin failure is detected according to coincidence/non 
coincidence in logical level between output signals of the 
sense amplifiers. The address of a memory cell with the 
margin failure is registered. With Such a construction, a 
threshold Voltage defect of a non-volatile memory cell is 
compensated for to enable internal reading of memory cell 
data with correctness. 

20 Claims, 20 Drawing Sheets 
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SEMCONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Semiconductor memory 

device, and particularly, to a configuration of a data reading 
Section in a non-volatile Semiconductor memory device 
Storing information in a non-volatile manner. More 
particularly, the present invention relates to a Semiconductor 
memory device capable of correctly reading data even when 
a characteristic of a memory cell is deteriorated. 

2. Description of the Background Art 
A non-volatile Semiconductor memory device Storing data 

in a non-volatile manner has been known as one of Semi 
conductor memory devices. A memory cell of the non 
Volatile Semiconductor memory device is constituted of one 
transistor. Data is Stored by accumulating electric charges in 
a charge accumulating region electrically isolated from the 
Surroundings of the memory cell transistor to change a 
threshold Voltage of the memory cell transistor. Since elec 
tric charges (referred to as charges simply hereinafter) are 
Stored in a charge accumulating region isolated electrically 
from the Surroundings, even if a power Supply is cut off, the 
charges continue being accumulated in the charge accumu 
lating region and data can be stored in a non-volatile manner. 

FIG. 20 is a diagram Schematically showing a Sectional 
Structure of a conventional non-volatile memory cell. In 
FIG. 20, the non-volatile memory cell includes: impurity 
regions 901 and 902 formed spaced apart from each other on 
a Surface of a Semiconductor Substrate region 900, a charge 
accumulating region 903 formed above a channel forming 
region between impurity regions 901 and 902; and a control 
gate electrode 904 formed above charge accumulating 
region 903. Charge accumulating region 903 is constituted 
of a floating gate made of polysilicon or the like, or of a 
nitride film. In a case where charge accumulating region 903 
is constituted of a nitride film, oxide films are formed 
between charge accumulating region 903 and control gate 
electrode 904, and between charge accumulating region 903 
and substrate region 900. 

In a construction of a non-volatile memory cell shown in 
FIG. 20, accumulation of charges (an electron is indicated by 
e-) into charge accumulating region 903 is performed in the 
following way. That is, impurity region 901 is supplied with 
a high Voltage in the range from 4 V to 5 V, for example, 
while impurity region 902 is maintained at ground Voltage 
level. Control gate electrode 904 is applied with a voltage in 
the range from 5 V to 6 V. 

In this state, a channel region 905 is formed at the surface 
of the substrate between impurity regions 901 and 902 and 
a current I flows from impurity region 901 to impurity region 
902. Current I flowing in channel region 905 is accelerated 
by a high electric field formed in the vicinity of impurity 
region 901 (drain region) to form hot electrons. The hot 
electrons are accelerated in a direction toward charge accu 
mulating region 903 by a high Voltage applied to control gate 
electrode 904 and injected into charge accumulating region 
903. In a case where charge accumulating region 903 is 
formed of polysilicon or the like, injected electrons move 
over an entire of charge accumulating region 903. In a case 
where charge accumulating region 903 is constituted of a 
nitride film or the like, electrons trapped in charge accumu 
lating region 903 do not move over a long distance to be 
localized in the vicinity of impurity region 901. 
A State where electrons have been injected into charge 

accumulating region 903 is hereinafter referred to as written 
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2 
State (programmed State). In the written State, since electrons 
are accumulated in charge accumulating region 903, the 
memory cell transistor has a high threshold Voltage 
(provided that the memory cell transistor is of an N-channel 
type). 

FIG. 21 is a diagram showing an example of applied 
Voltages to a memory cell when electrons are extracted from 
charge accumulating region 903. There are various ways for 
erase operations. In FIG. 21, there are shown applied Volt 
ages employed in a Substrate erasure method in which 
electrons are ejected into a Substrate region. 

In FIG. 21, when electrons are extracted from charge 
accumulating region 903, control gate electrode 904 is 
Supplied with, for example, a negative Voltage of -5 V and 
impurity regions 901 and 902 are supplied with a voltage in 
the range from 5 to 6 V. In this case, substrate region 900 is 
Supplied with a Voltage at a level Similar to the Voltage of 
impurity regions 901 and 902. In this state, electrons (e-) 
accumulated in charge accumulating region 903 are ejected 
to substrate region 900 through a Fouler-Nordheim (FN) 
tunnel current. This State is usually called an erased State, 
where a threshold Voltage decreases. 
AS an erase operation for a non-volatile memory cell, 

there are available a method in which channel hot holes are 
injected into charge accumulating region 903, and a method 
in which electrons are extracted from charge accumulating 
region 903 to gate electrode 904 and others. 
By a quantity of charges Stored in charge accumulating 

region 903, as shown in FIGS. 20 and 21, a threshold voltage 
of the memory cell transistor changes, and the threshold 
voltage is correlated with data. Therefore, since a threshold 
Voltage changes consecutively according to a quantity of 
electric charges Stored in charge accumulating region 903, 
the non-volatile memory cell can Store multi-valued data. 

FIG. 22 is a diagram Schematically showing applied 
Voltages when data is read from the non-volatile memory 
cell. In FIG. 22, control gate electrode 904 is supplied with 
a read voltage Vread, while impurity region 901 is supplied 
with ground voltage. Impurity region 902 is supplied with a 
bit current Ib1. Read voltage Vread is set to an intermediate 
Voltage level between threshold Voltages in erased State and 
written State, or a Voltage level higher than a threshold 
Voltage in written State. 
When read voltage Vread is set to an intermediate value 

between a threshold Voltage in erased State and that in 
written State, the memory cell transistor in erased State is 
turned on, while the memory cell transistor in written State 
is turned off. Substantially no bit current Ib1 flows through 
the memory cell in the written State. 
When read voltage Vread is set to a voltage level higher 

than a threshold Voltage in the written State, a current flows 
through the memory cell in any of erased State and written 
State. Threshold Voltages in erased State and written State are 
different from each other, and therefore, a channel resistance 
of the memory cell transistor is different according to 
whether the memory cell transistor is in the erased State or 
in the written State, and a current flowing through the 
memory cell transistor is made different in magnitude, 
accordingly. Therefore, by detecting a quantity of current 
through a bit line, a State of the memory cell, or Stored data 
can be detected. 

FIG. 23 is a diagram Schematically showing data Storage 
regions in a case where charge accumulating region 903 is 
constituted of a nitride film. In FIG. 23, in a case where 
charge accumulating region 903 is constituted of a nitride 
film, an oxide film 908 is formed between control gate 



US 6,807,101 B2 
3 

electrode 904 and charge accumulating region 903 and an 
oxide film 909 is formed between charge accumulating 
region 903 and semiconductor substrate region 900. In 
charge accumulating region 903, there are formed data 
Storage regions BTR and BTL. In a case where charge 
accumulating region 903 is made of a nitride film, an 
electron mobility is very low, and the data Storage regions 
are formed being localized in charge accumulating region 
903. When electrons are injected into data storage region 
BTR (right bit region), a current I is conducted from 
impurity region 902 to impurity region 901. In this state, hot 
electrons are generated by a high drain electric field formed 
in the vicinity of impurity region 902 and the hot electrons 
are accelerated by a high electric field formed by a Voltage 
on the control gate and trapped in data Storage region BTR 
of charge accumulating region (nitride film) 903. 
When electrons are injected into data storage region (left 

bit region) BTL, a current is conducted from impurity region 
901 to impurity region 902. Hot electrons are generated by 
a high drain electric field formed in the vicinity of impurity 
region 901 and electrons are accumulated into data Storage 
region (left bit region) BTL of charge accumulating region 
903. 

When data stored in right bit region BTR is read, current 
I is conducted from impurity region 901 to impurity region 
902. In this case, in the vicinity of impurity region 901, a 
punch-through occurs by a drain high electric field and a 
depletion layer is merely widened. Electrons stored in left bit 
region exerts no influence on a channel current and a current 
flows from impurity region 901 to impurity region 902 
according to a quantity of electrons Stored in right bit region 
BTR. 

In contrast, when data stored in left bit region BTL is read, 
a current is flowed from impurity region 902 to impurity 
region 901. In this case, in the vicinity of impurity region 
902, a punch-through occurs by a drain high electric field 
and electrons stored in data accumulating region (right bit 
region) BTR exerts no influence on reading storage data 
from data Storage region BTL. Therefore, a quantity of 
current flowing from impurity region 902 to 901 is deter 
mined according to a quantity of electrons Stored in left bit 
region BTL. 

In a case where a nitride film is used as charge accumu 
lating region 903, two data storage regions BTR and BTL 
can be formed in 1-bit memory cell. Therefore, a multi 
valued memory cell can be implemented, which Stores 2 bit 
data in one-bit memory cell, thereby enabling a large capac 
ity memory device to be achieved in a Small occupation area. 

In a non-volatile memory cell, a high electric field is 
applied to accumulate electrons in charge accumulating 
region 903. Therefore, if writing/erasing are repeatedly 
performed, an insulating film in an electron accumulating 
region or in an electron passing-through region would be 
deteriorated, to cause a problem of a change in data holding 
characteristic of a memory cell. Deterioration in memory 
cell characteristic associated with increase in number of 
write/erase cycles of a memory cell transistor occurs in a 
collective erase type memory (flash memory) having a 
charge accumulating region made of polysilicon and in an 
insulating film electric charge trapping memory trapping 
electrons in an insulating film. In a memory device Storing 
data by trapping electrons in an insulating film, however, a 
quantity of accumulated electrons is Smaller compared with 
that in a general Stacked gate transistor having a polysilicon 
floating gate. Therefore, Such deterioration in data retention 
characteristic would be more remarkable as the increase in 
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number of write/erase cycles. First, description will be given 
of a case of an insulating film charge trapping type memory 
device having a charge accumulating region formed of an 
insulating film. 
When an erase/write is repeated, a threshold Voltage of a 

memory cell in the written State is Some case rendered lower 
than a threshold Voltage in the written State at an initial Stage. 
AS causes for Such decrease of the threshold Voltage, the 
following may be considered. An excessively decreased 
threshold Voltage in erasure reduces the threshold Voltage 
after writing by the excessively decreased amount. Electrons 
trapped in an insulating film leak out due to deterioration in 
the insulating film and an oxide film to lower the threshold 
Voltage. Furthermore, in a case of the leakage of electrons, 
electrons would be trapped in an oxide film to reduce the a 
Voltage applied on a control gate in writing effectively, and 
a sufficient electric field is not applied between a nitride film 
and a Substrate region, to hinder accumulation of a Sufficient 
amount of electrons in the charge accumulation. 

In contrast, a case exists where after an erase/write is 
repeated, a threshold Voltage of a memory cell in erased State 
is raised to be higher than a threshold Voltage of a memory 
cell in erased State at an initial Stage. AS for causes for this 
phenomenon, the following phenomena may be considered. 
Electrons accumulated in a nitride film move toward the 
center of the nitride film and a quantity of electrons accu 
mulated in the central portion of the nitride film is increased 
as the number of cycles increases, thereby raising a thresh 
old Voltage of the memory cell. AS the Second, electrons are 
continuously kept being trapped in an oxide film and elec 
trons can not be extracted from the nitride film Sufficiently. 

In U.S. Pat. No. 6,222,768, for example, there are pro 
posed a construction for performing writing, erasure and 
reading data with correctness while compensating for dete 
rioration in memory cell characteristic (a change in thresh 
old voltage characteristic) occurring with increase in number 
of write/erase cycles. 

FIG. 24 is a diagram Schematically showing a configu 
ration of a main part of a non-volatile Semiconductor 
memory device shown in the above described prior art 
reference. In FIG. 24, the non-volatile semiconductor 
memory device includes: a memory cell array 910 having a 
plurality of non-volatile memory cells arranged in rows and 
columns; an I/V converter 912 converting a current Imen 
flowing through a bit line having a Selected memory cell in 
the memory cell array 910 connected to a voltage Vmem; a 
reference current generating circuit 915 for generating a 
reference current Iref; an I/V converter 917 for converting 
reference current Iref to a reference Voltage Vref, and a 
comparator 920 for comparing reference voltage Vref with 
memory read Voltage Vmem to generate a signal indicating 
a State of a memory cell according to a result of the 
comparison. 

In the configuration shown in FIG. 24, current Imem 
flowing through Selected memory cell in memory cell array 
910 is converted into memory read voltage Vmem by I/V 
converter 912 and memory read voltage Vmem is compared 
with reference voltage Vref converted by I/V converter 917, 
and determination is made on whether the memory cell is in 
erased State or in written State. 

FIG. 25 is a diagram Schematically showing a configu 
ration of memory cell array 910 shown in FIG. 24. Memory 
cell array 91 has nonvolatile memory cells MC arranged in 
rows and columns, and in FIG. 25, there are shown memory 
cells MC arranged in two rows and three columns repre 
sentatively. Word lines WLO and WL1 are provided corre 
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sponding to respective rows of memory cells MC and bit 
lines BL0 to BL3 are provided correspondingly to columns 
of memory cells MC. 

Bitlines BL0 to BL3 each are shared by memory cells on 
adjacent columns. A memory cell MC is constituted of an 
insulating film charge trapping memory cell and has data 
storage regions BTR and BTL. 

Bit lines BL0 and BL2 are coupled to a global bit line 
GBLA through select gates TG0 and TG1, respectively and 
bit lines BL1 and BL3 are coupled to a global bit line GBLB 
through Select gates TG2 ad TG3, respectively. Select Signal 
SLO to SL3 are applied to select gates TG0 to TG3, 
respectively. 

Each of bit lines BLO to BL3 is formed of a diffusion 
layer. Since no contact is provided for connection of a 
memory cell to a bit line in the memory cell array and a bit 
line is formed by memory cells on adjacent columns, an 
occupation area of a memory cell is 4xF. Here, Findicates 
the minimum design size. A pitch of bit lines and a pitch of 
word lines are both indicated by F. Since one memory cell 
MC stores 2 bit data, an effective memory cell area is 2xF. 

In data reading (including a verify operation), bit lines 
each connecting to a Selected memory cell are connected to 
global bit lines GBLA and GBLB. One of global bit lines 
GBLA and GBLB is supplied with power supply voltage 
according to which Stored data of data Storage regions BTL 
and BTR is read out. The other global bit line is coupled to 
I/V converter 912 as described later. 
Power Supply Voltage is transmitted to a Selected bit line 

(a bit line located farther away from a data storage region) 
through corresponding Select gates TG0 to TG3. A voltage 
at the drain of a memory cell connected to the Select bit line 
is at a Voltage level lower than power Supply Voltage by a 
threshold Voltage of the Select gate because of a threshold 
Voltage loSS in the Select gate. A current flows in the memory 
cell according to Stored data owing to the drain Voltage. In 
FIG. 25, there is typically shown a path through which 
global bit line GBLA is Supplied with power Supply Voltage 
and memory cell current Imem flows into global bit line 
GBLB through bit lines BL2 and BL1. 

Global bit line GBLB is further selected by a column 
select gate not shown and coupled to I/V converter 912 
shown in FIG. 24. 

In the prior art, when a verify failure occurs in a verify 
operation after erasure, erase and verify operations are 
repeatedly performed till the number of times of erase pulse 
application reaches the maximum number thereof. When the 
number of times of verify failures reaches the maximum 
allowable number, reading is performed on a threshold 
Voltage of a reference memory cell Stored in a register 
provided in a reference current generating circuit 915. The 
reference memory cell is placed outside the memory cell 
array, is in the erased State due to the erasure during erase 
Verify operation and data indicating a threshold Voltage of 
the reference memory cell is Stored in the register. The 
threshold Voltage of the reference memory cell can be 
incremented (a write operation is performed) till the thresh 
old Voltage of the reference memory cell Stored in the 
register reaches the maximum value. 

Voltage levels of a read voltage and a verify voltage 
outputted by I/V converter 917 are determined according to 
a threshold value of the reference memory cell. Therefore, as 
shown in FIG. 26, when the number of times of verify 
failures reaches the maximum allowable number, a reference 
voltage window for the memory cell is changed. In FIG. 26, 
there is shown, by way of example, a State where reference 
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6 
voltages Vref for writing, reading and erasure of 3 V, 2 V and 
1 V, respectively are incremented, after adjustment, to 3.2 V, 
2.2 V and 1.2 V, respectively. 
Even if a write/erase cycle is repeatedly performed and 

memory cell characteristics are deteriorated to vary the 
threshold Voltage, by changing reference Voltage Vref 
window, a reference Voltage window adapted to the varied 
memory cell characteristics can be produced intending to 
perform write/erasure correctly. 

In the above conventional construction, a threshold Volt 
age of a reference memory cell is incremented by a pre 
Scribed Step to perform a further erase verifying when an 
erase verify failure occurs a prescribed number of times in 
an erase cycle. Therefore, a window of a threshold Voltage 
for a memory cell of an erasing target is shifted when an 
erase verify failure occurs 
The shift in threshold voltage is performed commonly on 

all of memory cells, Standing on the premise that as the 
number of times of writing/erasure increases, threshold 
Voltages of all of the memory cells rises uniformly. 
Memory cells are, however, not the same in number of 

times of writing/erasure (rewriting), but are variant in the 
number times of rewriting as well as in memory cell 
characteristic. Therefore, even the memory cells Storing data 
of the Same logical level have variant threshold Voltages 

Accordingly, in a case where a window of a verify voltage 
is increased, there exists a memory cell having a relatively 
low threshold Voltage even in the written State among the 
memory cells not Subject to rewriting. Therefore, read 
failure is likely to occur due to margin Shortage when a 
window of verify voltages is shifted in common to all the 
memory cells. 

Specifically, consideration is now given of a distribution 
of memory cells storing data “0” and “1” as shown in FIG. 
27. Data “1” corresponds to the erased state and memory 
cells Storing data “1” each have a threshold Voltage between 
an upper Side erase Verify voltage Veu and a lower Side erase 
verify voltage Vel. 
A memory cell Storing data “0” corresponds to a memory 

cell in the written State (programmed State) and has a 
threshold Voltage equal to or higher than lower Side write 
verify voltage Vp1. 
When data is read, by way of example, read voltage 

Vread, at a Voltage level between upper Side erase Voltage 
Veu and lower side write verify voltage Vp1, is applied. 
Under this State, a window of a verify voltage and a read 
Voltage are applied. A threshold Voltage of a memory cell 
Subject to rewriting shifts in the high Voltage direction in 
FIG. 28 with respect to the voltage V both in the erase region 
and in written region. A memory cell not Subject to rewriting 
has a threshold Voltage unchanged. Here, rewriting indicates 
an erase operation or a write operation. 

In FIG. 28, since a verify voltage is shifted, upper side 
erase Verify Voltage VeuS and lower Side write verify voltage 
Vp1s are used. Instead of read voltage Vread, a shifted read 
Voltage Vreads is used according to a shift in the verify 
Voltage. All memory cells have the Storage data rewritten in 
the same rewrite cycle, but an addressed memory cell has the 
Storage data rewritten. Therefore, a threshold Voltage distri 
bution is further broadened in width compared with a state 
shown in FIG. 27. Among the memory cells in the written 
State, a memory cell with a relatively low threshold Voltage 
in written state is Small in difference between the threshold 
Voltage thereof and shifted read voltage Vreads, and Small in 
margin for data reading, impeding correct data reading. 

Furthermore, since a verify voltage window is shifted 
uniformly for all of memory cells, a memory cell, Small in 
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number of times of rewriting and causing no deterioration of 
memory cell characteristic, has a threshold Voltage thereof 
Sifted upward to a higher Voltage. Therefore, when a 
memory cell, Smaller in number of times of rewriting, in the 
erased State is Set into written State, a shift amount in 
threshold Voltage is greater as compared with a memory cell 
greater in number of times of rewriting, and accordingly has 
an increased number of times of rewrite pulse application. 
Accordingly, a characteristic of an insulating film of a 
memory cell Smaller in number of times of rewriting tends 
to be deteriorated. In other words, when a verify voltage 
window and the read voltage are shifted commonly for all of 
memory cells, a characteristic of a memory cell Small in 
number of times of rewriting is adjusted according to a 
characteristic of a memory cell greater in number of times of 
rewriting. Therefore, characteristics of all of the memory 
cells in the non-volatile Semiconductor memory device are 
Set according to the worst memory cell characteristic, result 
ing in promotion of deterioration in characteristics of 
memory cells as a whole. 

In this prior art technology, a threshold Voltage of a 
reference memory cell is changed by a prescribed Step in 
reference current generating circuit 915. In this prior art 
reference, however, no detailed description is given of how 
a threshold Voltage of the reference memory cell in reference 
current generating circuit 915 is shifted. With increase in the 
number of times of rewriting, the reference memory cell 
transistor has the memory cell characteristic changed. 
Therefore, an amount of shift would be varied even by 
application of the same rewrite pulse, and therefore, desired 
threshold voltage shift could not be provided correctly at all 
times. 

In this prior art reference, the reference memory transistor 
for generating a reference current is provided for reading, for 
Writing and for erasure Separately. In a case where a plural 
kinds of Such reference memory transistors are provided 
outside the memory cell array and have the respective 
threshold Voltages adjusted in accordance with an operation 
mode, the control becomes complex. In addition, it is very 
difficult to form memory cell transistors the same in char 
acteristic as memory cell transistors outside the memory cell 
array. This is because a peripheral layout pattern of the 
reference transistorS is greatly different from that of the 
memory cell array Section. 

Furthermore, in this prior art reference, consideration is 
given only to a threshold Voltage shift in a higher level 
direction with the increase in number of times of rewriting, 
and no consideration given to the phenomenon that a thresh 
old Voltage of a memory cell in written State is reduced 
below a desired value due to deterioration in insulating film. 
Therefore, in a case where a threshold Voltage in written 
State is decreased due to a change in memory cell charac 
teristic with increase in number of times of rewriting, there 
is a possibility that the written State of Such memory cell is 
erroneously determined as the erased State when shifted read 
voltage Vreads as shown in FIG. 28 is applied 

The above problem also similarly arises in a case where 
read voltage Vread is Set to a level higher than a threshold 
Voltage of a memory cell in written State and a difference 
between currents of the memory cells in written State and in 
erase State is utilized. Specifically, in a construction in which 
a Voltage for data reading including a verify operation is Set 
commonly to all of memory cell, a threshold Voltage dif 
ference would be Small between a memory cell having a 
highest threshold Voltage among the memory cells in the 
erase State and a memory cell having a lowest threshold 
Voltage among the memory cells in the written State, and 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
data can not be read correctly. In other words, in data 
reading, a reference current (or a reference voltage) in 
reading is Set to an intermediate level between a current 
flowing in a memory cell in the erased State and a current 
flowing in a memory cell in the written State. In Such a 
construction, when the reference current is shifted toward a 
higher level, a difference between a memory cell current 
flowing in a memory cell in the written State and the 
reference current becomes Smaller, and correct reading of 
data could not be achieved. 

The issue of the above deterioration in memory cell 
characteristic associated with increase in number of times of 
rewriting similarly occurs in a memory cell having a poly 
Silicon floating gate, Since deterioration occurs in a tunnel 
insulating film with increase in the number of times of 
rewriting. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
Semiconductor memory device capable of correctly reading 
Stored data in a memory cell. 

It is another object of the present invention to provide a 
non-volatile Semiconductor memory device capable of cor 
rectly reading data in accordance with a comparison with a 
reference current regardless of the number of times of 
rewriting of a memory cell. 
A non-volatile Semiconductor memory device according 

to a first aspect of the present invention includes: a plurality 
of non-volatile memory cells, each formed of a memory cell 
transistor having a threshold Voltage changed in accordance 
with Stored data, for storing data in a non-volatile manner; 
a detection circuit for detecting and Storing a change in 
threshold Voltage characteristic of the plurality of non 
Volatile memory cells, a read circuit for reading Stored data 
in a Selected memory cell of the plurality of non-volatile 
memory cells in accordance with comparison of a read 
current corresponding to a current flowing in the Selected 
memory cell and a reference current; and a reference current 
control circuit for Setting a quantity of the reference current 
in accordance with a result of the detection by the detection 
circuit. 

A Semiconductor memory device according to a Second 
aspect of the present invention includes: a plurality of 
memory cells arranged in rows and columns, a plurality of 
bit lines, provided corresponding to the memory cell 
columns, each connecting to the memory cells on a corre 
sponding column; a plurality of Sense amplifiers coupled 
commonly to a Selected bit line coupled to an addressed 
memory cell, for amplifying data in the addressed memory 
cell appearing on the Selected bit line when activated; and a 
Sense control circuit for controlling operations of the plu 
rality of Sense amplifiers in different ways from each other. 
A Semiconductor memory device according to a third 

aspect of the present invention includes: a plurality of 
memory cells, a reference circuit for generating and output 
ting reference data, an internal read circuit for comparing 
data read from a Selected memory cell out of the plurality of 
memory cells with the reference data and reading data in the 
Selected memory cell on the basis of a result of the com 
parison; and a reference data change circuit for Selectively 
changing, in a specific operation mode, Selectively Set 
conditions for reference data outputted by the reference 
circuit in accordance with an address Signal of the Selected 
memory cell. 
By detecting and Storing a change in threshold Voltage 

characteristic of a memory cell to Selectively change a 
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reference current Serving as a reference for data reading in 
accordance with a result of the Storage, a reference current 
corresponding to a State of a Selected memory cell can be 
generated. Individual memory cell data can be read out with 
a Sufficient margin for a read current ensured. Accordingly, 
data can be correctly read even in deterioration of a memory 
cell characteristic, regardless of a change in threshold Volt 
age characteristic without exerting an adverse influence on 
reading data from a normal cell. 

Furthermore, a plurality of Sense amplifiers are commonly 
to a Selected bit line and are made different in control 
manners from each other. Thus, a So-called “multi-sensing 
can be performed and data can be read correctly. In addition, 
a State of a threshold Voltage of a memory cell can be 
identified accordance with coincidence/non-coincidence 
between output signals of the plurality of Sense amplifiers. 
Accordingly, a memory cell having a threshold Voltage 
shifted with respect to data at the same logical level can be 
detected and an appropriate measure can be taken for Such 
detected memory cell. Moreover, by changing the Set con 
ditions for reference data in a specific operation mode on the 
basis of an address of a Selected memory cell, read condi 
tions meeting a characteristic of each individual memory 
cell can be set, and memory cell data can be read correctly 
without exerting an adverse influence on reading data from 
a normal memory cell even when a memory cell is deterio 
rated in characteristic. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram Schematically showing a configura 
tion of a main part of a Semiconductor memory device 
according to a first embodiment of the present invention; 

FIG. 2 is a diagram Schematically showing a configura 
tion of a part related to reading of memory cell data in the 
non-volatile semiconductor memory device shown in FIG. 
1; 

FIGS. 3A and 3B are graphs illustrating relationships 
between a residual current and a reference current when a 
threshold Voltage is abnormal; 

FIG. 4 is a diagram showing more specifically a configu 
ration of a part related to data reading of the non-volatile 
Semiconductor memory device according to the first 
embodiment of the present invention; 

FIG. 5 is a diagram showing one example of configuration 
of a latch sense amplifier shown in FIG. 4; 

FIG. 6 is a operation Signal waveform diagram represent 
ing a data read operation in the non-volatile Semiconductor 
memory device shown in FIG. 4; 

FIG. 7 is an enlarged diagram Showing an example of 
potential changes on internal nodes of the non-volatile 
semiconductor memory device shown in FIG. 4; 

FIG. 8 is a diagram showing a relationship between 
potentials on internal nodes and a timing in a Sense opera 
tion; 

FIG. 9 is a table showing, in a list form, contents of 
processing for a threshold Voltage abnormality in the first 
embodiment of the present invention; 

FIG. 10 is a diagram functionally illustrating a configu 
ration of a part related to address registration in a control 
circuit 5 of the first embodiment of the present invention; 
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FIG. 11 is a flowchart showing an address registration 

operation in the control circuit shown in FIG. 10; 
FIG. 12 is a diagram Schematically showing a configu 

ration of a reference current generating circuit and a refer 
ence current adjusting Section in the first embodiment of the 
present invention; 

FIG. 13 is a flowchart showing an operation in data 
reading of the non-volatile Semiconductor memory device in 
the first embodiment of the present invention; 

FIG. 14 is a flowchart showing an erase operation in the 
non-volatile Semiconductor memory device in the first 
embodiment of the present invention; 

FIG. 15 is a flowchart showing contents of an operation 
in the last verify sequence shown in FIG. 14; 

FIG. 16 is a flowchart showing an operation in write mode 
in the first embodiment of the present invention; 

FIG. 17 is a flowchart showing contents of an operation 
in the last verify sequence shown in FIG. 16; 

FIG. 18 is a flowchart showing a margin failure detecting 
operation in a Second embodiment of the present invention; 

FIG. 19 is a diagram Schematically showing a margin 
failure adjusting Section of a control circuit of the Second 
embodiment of the present invention; 

FIG. 20 is a diagram Schematically showing a Sectional 
Structure of a memory cell of a conventional non-volatile 
Semiconductor memory device; 

FIG. 21 is a diagram showing an example of applied 
Voltages in erase operation in a conventional non-volatile 
memory cell; 

FIG. 22 is a diagram illustrating applied voltages to a 
conventional non-volatile memory cell in a data reading; 

FIG. 23 is a diagram showing a Sectional Structure of a 
conventional insulating film charge trapping memory cell 
and directions of write (program) current and read current in 
the memory cell; 

FIG. 24 is a diagram showing a configuration of data 
reading Section of a conventional non-volatile Semiconduc 
tor memory device; 

FIG. 25 is a diagram Schematically showing a configu 
ration of a memory cell array shown in FIG. 24; 

FIG. 26 is an illustration showing reference Voltages 
shown in FIG. 24 and adjusted voltages thereof; 

FIG. 27 is a graph illustrating threshold voltage distribu 
tions of a conventional non-volatile memory cell; and 

FIG. 28 is a diagram used for describing a problem point 
in read voltage adjustment in a conventional non-volatile 
Semiconductor memory device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 
FIG. 1 is a diagram Schematically showing a configura 

tion of a main part of a non-volatile Semiconductor memory 
device according to a first embodiment of the present 
invention. In FIG. 1, non-volatile memory cells MC are 
arranged in rows and columns. A non-volatile memory cell 
MC has a memory cell construction shown in FIG. 23, and 
includes two data storage regions (a right bit region and a 
left bit region) BTL and BTR. In FIG. 1, there are shown 
representatively memory cells arranged in Six rows and eight 
columns. 
Word lines WLO to WL5 are provided corresponding to 

the respective rows of memory cells. Word lines WLO to 
WL5 are connected with control gate electrodes of memory 
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cells on corresponding rows. In erase operation, collective 
erasure in units of word lines may be performed or 
alternatively, erasure may be performed for each cell by 
injection of hot electrons using a drain high electric field. 

To word lines WL0 to WL5 are provided with X decoders 
XD0 to XD5, respectively, which in turn transmits, when 
Selected, a Voltage Supplied to an operating power Supply 
node to corresponding word lines according to an address 
Signal (or a predecode signal) not shown. Write Voltage 
VWG is supplied to operating power supply nodes of X 
decoders XD0 to XD5 through a power supply transistor 
PG0 rendered conductive according to a write instructing 
signal WRT. Read voltage VRG is supplied, in reading, to 
the operating power Supply nodes through a power Supply 
transistor PG1 rendered conductive according to a read 
instruction signal. RED. Read voltage VRG is applied not 
only in an ordinary data read mode when data is read out 
externally, but also applied as a verify Voltage in Verify 
operation for internally verifying the written/erases State, 
and is Set to a different Voltage level according to an 
operation mode. 

In rewrite operation as well, write voltage VWG is set to 
an erase Voltage level in an erase mode, while being Set to 
a write Voltage level in a write mode, wherein the erase and 
write voltage levels are different from each other. 

Bitlines BL0 to BL7 and BLS are provided corresponding 
to memory cell columns. Bit line BLS is a spare bit line and 
memory cells connected to bit line BLS are used as Spare 
cells (redundant cells) for repairing a defective bit. Bit lines 
BLO to BL7 each are shared by memory cells on adjacent 
columns. In reading data from a memory cell (including 
verify operation), bit lines of one pair provided correspond 
ing to a Selected column are Selected and one bit line is 
couple to receive a read current and the other bit line is 
coupled to ground Voltage level. The bit line coupled to 
ground Voltage level is referred to as a “virtual Source line.” 

Bit lines BL0 to BL7 are coupled electrically to an 
internal write data bus VWD through write column select 
gates G0 to G7 rendered conductive in response to write 
column select signals /WA0 to WA7, and coupled electri 
cally to an internal read data bus VRD through read column 
select gates RG0 to RG7 made conductive in response to 
read column select signal/RA0 to /RA7. Similarly, spare bit 
line BLS is coupled to internal write data bus VWD through 
a spare write column Select gate GS made conductive in 
response to a spare write column Select Signal /WAS, and 
coupled to internal read data bus VRV through a spare read 
column Select gate RGS responsive to a spare read column 
Select Signal /RAS. 

In FIG. 1, column select gates G0 to G7 and Gs, and RG0 
to RG7 and RGs are each depicted being formed of a 
P-channel MIS transistor (insulated gate field effect 
transistor). Read column select gates RG0 to RG7 and RGs 
each may be constituted of an N-channel MIS transistor. 
Write column select gates G0 to G7 and Gs each may be 
constituted of an N-channel MIS transistor as well if write 
column select signals /WA0 to /WA7 and /WAS can be 
driven to a Voltage level higher than a high Voltage trans 
mitted in writing. 

In FIG. 1, internal write data bus VWD is constituted of 
write data lines of one pair and bit lines BL0 to BL7 and BLS 
are alternately coupled to different internal write data lines. 
Internal read data bus VRD is also constituted of internal 
read data lines of one pair and bit lines BL0 to BL7 and BLS 
are alternately coupled to different internal read data lines. 
This is because it is required to Select bit lines of one pair 
Simultaneously in Selection of a memory cell and to apply 
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Voltages at prescribed levels to a Selected bit line pair, 
respectively, according to an operating mode. 
A write current Switch 8 is provided to internal write data 

bus VWD. Write current Switch 8 Switches the route Sup 
plying the rewrite Voltages according to which data of data 
storage regions BTL and BTR is rewritten (written/erased). 
The Switching of the paths for rewrite voltage is determined 
according a signal indicating whether a Select bit line is even 
or odd and whether a data rewrite region is right bit region 
BTR or left bit region BTL. 
To internal read data bus VRD, there are provided: a read 

current Supply circuit 1 for Supplying a current to a Selected 
memory; a reference current generating circuit 2 for gener 
ating a comparison reference current Iref in data reading; 
Sense amplifiers 3 and 4 being different in activation timings 
from each other, for comparing a current flowing in read data 
bus VRD and comparison reference current Iref from ref 
erence current generating circuit 2 when activated; and a 
control circuit 5 for adjusting a current quantity of compari 
Son reference current Iref generated by reference current 
generating circuit 2 according to output signals of Sense 
amplifiers 3 and 4. 

Control circuit 5 is constituted of a processing device Such 
as a Sequence controller, for example, generates a necessary 
Voltage according to an internal operating mode Software 
wise and determines a voltage generating timing and a 
memory cell Select timing. Control circuit 5 also controls 
operations of Sense amplifiers 3 and 4 and further controls an 
operation of write current switch 8 (a control path for the 
write switch is not shown). 

In the configuration shown in FIG. 1, sense amplifiers 3 
and 4 are coupled commonly to internal read data bus VRD. 
By making operating timings of Sense amplifiers different 
from each other, difference is caused between Sense margins 
of these Sense amplifiers. Specifically, the difference 
between reference current Iref from reference current gen 
erating circuit 2 and a current in internal read data bus VRD 
at Sense Start is made different between Sense amplifiers 3 
and 4. With difference in sense margin between sense 
amplifiers 3 and 4, a change in threshold Voltage character 
istic of a Selected memory cell can be detected. Accordingly, 
a magnitude of comparison reference current Iref generated 
by reference current generating circuit 2 is adjusted accord 
ing to the direction in which a threshold Voltage varies due 
to the change in characteristic. Thus, there can be generated 
a reference current adapted to a threshold Voltage charac 
teristic of each Selected memory cell, and correct reading of 
data (including a verify operation) can be performed. Here, 
the term “threshold Voltage characteristic' indicates a varia 
tion (shift) in threshold voltage for data at the same logical 
level. 

FIG. 2 is a diagram Schematically showing a configura 
tion of a part associated with the Sense amplifiers shown in 
FIG.1. In FIG. 2, a read current supply circuit 1 includes a 
constant current generating circuit and Supplies a constant 
current onto internal read data bus VRD. A bit line BL is 
connected to internal read data bus VRD through a read 
column Select gate not shown. A memory cell MC connected 
to bit line BL is coupled to ground node through a virtual 
Source line BSL. When a current is supplied to a selected 
memory cell in data reading, a current is conducted accord 
ing to a reverse Scheme in which a current flows from a bit 
line farther away from a data Storage region from Which 
data is read out toward the data Storage region of interest. 
A read voltage applied to ward line WL to which memory 

cell MC is connected may be higher than any of both of a 
high threshold Voltage and a low threshold Voltage of 
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memory cells or alternatively, may be set at an intermediate 
Voltage level between the high and low threshold Voltages. 
In any of the constructions, a difference arises in memory 
cell current Imem flowing through bit line BL according to 
stored data in memory cell MC. 
A remaining current (hereinafter referred to as a residual 

current) Irmn excluding memory cell current Imem in the 
constant current Supplied by read current Supply circuit 1 
flows into internal read data line VRD and supplied to sense 
amplifiers 3 and 4. Reference current Iref from reference 
current generating circuit 2 is Supplied to Sense amplifiers 3 
and 4. Reference current Iref is set intermediate between a 
residual current when a memory cell in a high threshold 
Voltage State is Selected and a residual current when a 
memory cell in a low threshold Voltage State is Selected. By 
making margin for residual current and comparison refer 
ence current Iref different between sense amplifiers 3 and 4 
from each other, detection is made on the presence or 
absence of a change in characteristic of a memory cell MC. 
In detection of change in characteristic, a magnitude of 
reference current Iref is changed So as to compensate for the 
change in threshold Voltage characteristic to ensure a margin 
in data reading. 

FIGS. 3A and 3B are graphs schematically illustrating an 
adjustment Scheme of a comparison reference current 
according to the first embodiment of the present invention. 
In each of FIGS. 3A and 3B, the ordinate indicates a current 
value i, and the abscissa represents the number of erase/write 
(program) cycles. 

Here, Such a construction is assumed that in a memory 
cell in the written state, the memory cell has a threshold 
voltage equal to or higher than a read voltage applied to the 
control gate thereof and the read voltage is applied So as to 
cause Substantially no current flow through a Selected 
memory cell in the written State. 

In FIG. 3A, when the number of erase/write cycles is 
Small, a memory cell characteristic maintains Substantially 
constant with no change in threshold Voltage characteristic. 
Accordingly, residual current Irmin(P) in written state (a high 
threshold voltage State) is at a current level close to a 
constant current Supplied from read current Supply circuit 1 
with Substantially no change in magnitude. Similarly, 
residual current Irmn(E) in erased state (a low threshold 
voltage State) makes Substantially no change. Comparison 
reference current Iref is set to an intermediate level between 
residual currents Irmin(P) and Irmn(E). 

Consideration is given to a case where the number of 
erase/write cycles increases and a change occurs in memory 
cell characteristic. Further, the following State is considered 
in which under the change of the memory cell characteristic, 
a data holding characteristic is deteriorated and a threshold 
Voltage of a memory cell in a high threshold Voltage State is 
reduced due to leakage of electrons. In this case, current 
Imem flowing through a memory cell increases, and residual 
current Irmin (P), in response, decreases. Therefore, a dif 
ference MGA between comparison reference current Iref 
and residual current Irmin (P) is reduced, and a sense margin 
is Smaller, leading to a possibility of occurrence of incorrect 
reading. In this case, comparison reference Voltage 
(reference current) Iref is reduced and a difference (a 
margin) to residual current Irmin (P) is increased by refer 
ence current reduction quantity MGB. 
On the other hand, as for a memory cell causing no 

deterioration of memory characteristic, a Sufficient margin is 
available, and a current level of comparison reference cur 
rent Iref is not changed. By decreasing comparison reference 
current Iref, a State where a threshold Voltage of a memory 
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cell is lowered is realized on the comparison reference Side, 
thereby enabling generation of comparison reference current 
Iref meeting a memory cell characteristic. 
On the other hand, as shown in FIG.3B, if a characteristic 

of an insulating film changes with increase in number of 
erase/write cycles, and electrons are trapped in an oxide 
film, or electrons move in a nitride film from a data Storage 
region to the central region of the nitride film to be trapped, 
a threshold Voltage of the memory cell is raised. In this case, 
a threshold Voltage of a memory cell in a low threshold State 
rises and a difference MGC between comparison reference 
current Iref and residual current Irmin (E) is decreased. In 
this case, comparison reference current Iref is increased, and 
a difference (a margin) to residual current Irmin (E) is 
increased by the increment MGC. Thereby, a state where a 
threshold Voltage of a memory cell is raised is realized 
equivalently, thereby enabling accommodation for increase 
in threshold Voltage of a memory cell. 
On the other hand, a threshold voltage of a normal 

memory cell is in a low State, and comparison reference 
current Iref is not changed for Such normal memory cell. 
Therefore, by adjusting a magnitude of reference current Iref 
according to a characteristic of a memory cell, the following 
advantage can be provided, compared with a construction in 
which reference current Iref is commonly changed uni 
formly on all the memory cells. 

That is, in a case where a threshold Voltage is lowered due 
to change in characteristic, if the reference current Iref is 
reduced for all the memory cell commonly, a threshold 
Voltage is generally raised with increase in number of 
erase/write cycles (in FIG. 3A, a threshold voltage of a 
memory cell in the erased state increases with increased in 
number of rewrite cycles), and therefore, a margin for a 
memory cell in a low threshold State decreases, and a 
possibility is increased that incorrect reading occurs, 
especially, on a memory cell having a threshold character 
istic as shown in FIG. 3B. Similarly, in a case where a 
threshold Voltage is raised, if the comparison reference 
current Iref is increased for all the memory cells commonly, 
a margin for residual current Irmin(P) of a memory cell in a 
high threshold Voltage State is reduced Smaller, leading to a 
possibility to produce a wrong reading. Therefore, by chang 
ing a magnitude of comparison reference current Iref 
according to a characteristic of a memory cell, correct 
reading of data can be made for both of a normal memory 
cell and a memory cell having a deteriorated characteristic. 

In a case where a read voltage is at a verify voltage in data 
reading, correct erasure/writing (programming) can be per 
formed and besides, correct reading of data is can be made 
even in instruction of external data read. 

FIG. 4 is a diagram showing an example of a configura 
tion of Sense amplifiers 3 and 4, read current Supply circuit 
1 and reference current generating circuit 2 according to the 
first embodiment of the present invention. In FIG. 1, a read 
column Select gate is not shown for Simplification of the 
figure. 

In FIG. 4, memory cell MC is connected to an internal 
read data line VRDa through bit line BL, and coupled to an 
internal read data line VRDb through virtual source line 
BSL. A current from read current supply current 1 is 
supplied to internal read data line VRDa and internal read 
data line VRDb is grounded. A connection path between 
internal read data lines VRDa and VRDb and read current 
Supply circuit 1 is determined according to which of right bit 
region and left bit region of a memory cell is read out. 
Read current Supply circuit 1 includes: a constant current 

Source 1a Supplying a constant current; and a transfer gate 
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1b transmitting a constant current from constant current 
Source 1a to internal read data line VRDa in response to 
activation of a word line activation signal WLE. Word line 
activation signal WLE determines a period during which a 
word line is in a selected State and word line WL is 
maintained in Selected State during a period when word line 
activation signal WLE is in active State. 

Reference current generating circuit 2 includes: a constant 
current Source 2a Supplying a constant current; and a trans 
fer gate 2b transmitting a current from constant current 
Source 2a to an internal node NB in response to activation 
of word line activation signal WLE. Transfer gates 1b and 2b 
are each constituted of an N-channel MIS transistor and has 
an amplitude limiting function to SuppreSS a rise in Voltage 
level on bit line BL and internal node NB owing to a 
threshold Voltage loss (a Source follower action). In order to 
make use of amplitude limiting functions of transfer gates 1b 
and 2b more effectively, word line activation signal WLE 
applied onto transfer gates 1b and 2b may be limited in 
amplitude. 

Further, to Sense amplifiers 3 and 4, there are provided: a 
precharge/equalize circuit 10 for precharging and equalizing 
a node NA to ground level according to an equalize instruct 
ing Signal EQ, a transfer circuit 11 for connecting internal 
nodes NA and NB, respectively, to internal nodes NAA and 
NBB according to a Select Signal SL, and a precharge/ 
equalize circuit 12 for precharging and equalizing internal 
nodes NAA and NBB ground voltage level according to 
equalize instructing Signal EQ. Sense amplifiers 3 and 4 
Sense and amplify the changes in Voltage level on internal 
node NAA and NBB caused by currents flowing into internal 
node NAA and NBB. 

Precharge/equalize circuit 10 includes: an N-channel 
MOS transistor Q1 rendered conductive in activation of 
equalize instructing Signal EQ to short circuit internal nodes 
NA and NS with each other; and an N-channel MIS tran 
sistors K2 and K3 rendered conductive in activation of 
equalize instructing Signal EQ, to couple internal nodes NA 
and NB, respectively, to ground node. 

Transfer circuit 11 includes: an N-channel MIS transistor 
K4 rendered conductive in activation of Select Signal SL, to 
couple internal node NA to internal node NAA; and an 
N-channel MIS transistor K5 coupling internal nodes NB 
and NBB electrically with each other in activation of select 
Signal SL. Transfer circuit 11 is provided for adjusting a 
timing at which residual current Irmn from read current 
Supply circuit 1 and comparison reference current Iref from 
reference current generating circuit 2 flow into each of Sense 
amplifiers 3 and 4. 

Precharge/equalize circuit 12 includes: an N-channel MIS 
transistor K6 for short circuiting internal nodes NAA and 
NBB in response to activation of equalize instructing Signal 
EO; and N-channel MIS transistors K7 and K8 rendered 
conductive in response to activation of equalize instructing 
circuit EQ to couple internal nodes NAA and NBB, 
respectively, to ground node. 

Equalize instructing Signal EQ is activated in a Standby 
state and internal nodes NA, NAA, NB and NBB are 
precharged and equalized to ground Voltage level in the 
Standby State. 

Sense amplifier 3 includes: a differential circuit 3a driving 
internal nodes NAAA1 and NBBB1 according to potentials 
on internal nodes NAA and NBB; an N-channel MIS tran 
sistor K11 short circuiting internal nodes NAAA1 and 
NBBB1 electrically in activation of equalize instructing 
Signal EQ, a Sense amplification circuit 3b activated in 
response to activation of Sense activation Signal /SEA1, to 
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drive an internal node NAAA1 or NBBB1, which is higher 
in potential, to a power Supply Voltage level; a transfer 
circuit 3 rendered Selectively conductive/non-conductive in 
response to activation of Sense latch instructing Signal LS1; 
and a transfer circuit 3c rendered Selectively conductive in 
response to a Sense latch instructing Signal LS2, to couple 
internal nodes NAAA1 and NBBB1 to latch sense amplifier 
3d when made conductive. Latch sense amplifier 3d includes 
cross coupled P-channel MIS transistors and cross coupled 
N-channel MIS transistors and, when transfer circuit 3c is in 
non-conductive State, is activated and confines electric 
charges transferred from internal nodes NAAA1 and 
NBBB1 and performs a sense operation to latch a result of 
the Sense operation. 

Differential circuit 3a includes: an N-channel MIS tran 
sistor K9 discharging internal node NAAA1 to ground 
Voltage level according to a potential on internal node NAA; 
and an N-channel MIS transistor K10 driving internal node 
NBBB1 to ground voltage level according to a potential on 
internal node NBB. MIS transistors K9 and K10 have their 
respective gates coupled to internal nodes NAA and NBB 
and have their conductances determined according to 
respective potentials on internal nodes NAA and NBB, to 
couple internal nodes NAAA1 and NBBB1 to ground node. 
MIS transistor K11, as an example, equalizes the Signals 

(data) at a power Supply voltage level and at ground level 
latched by latch Sense amplifier 3d, and equalizes internal 
nodes NAAA1 and NBBB1 to an intermediate voltage level. 
Therefore, a circuit for precharging internal nodes NAAA1 
and NBBB1 to an intermediate voltage level is not required, 
to reduce a current consumption and a circuit occupation 
aca. 

Alternatively, a configuration may be employed, in which 
a precharge transistor precharging to ground Voltage level is 
provided in latch sense amplifier 3d and MIS transistor K11 
equalizes internal nodes NAAA1 and NBBB1 to ground 
Voltage level. 

Sense amplification circuit 3b includes: P- and N-channel 
MIS transistors K12 and K13 with their gates and drains 
cross connected; and a P-channel MIS transistor K14 cou 
pling the sources of MIS transistors K12 and K13 to power 
Supply node in response to activation of Sense activation 
instructing signal /SE1. With MIS transistors K12 and K13, 
internal node NAAA1 or NBBB1, which is at a higher 
potential, is raised to a power Supply Voltage level. 
A Sensing Speed of Sense amplification circuit 3b is 

determined by a current driving ability of a current Source 
transistor K14 and in order to reliably perform a sense 
operation, a Sensing Speed is made moderate comparatively. 

Sense amplifier 4 as well, Similar to Sense amplifier 3, 
includes: a differential circuit 4a driving internal nodes 
NAAA2 and NBBB2 according to potentials on internal 
nodes NAA and NBB; an N-channel MIS transistor K19 
equalizing potentials on internal nodes NAAA2 and NBBB2 
according to equalize instructing Signal EQ, a Sense ampli 
fication circuit 4b pulling up internal node NAAA2 or 
NBBB2, which is higher in potential, to power supply level 
in response to activation of Sense activation instructing 
Signal /SE2, and a transfer circuit 4c Selectively coupling 
latch sense amplifier 4d to internal nodes NAAA2 and 
NBBB2 according to sense latch instructing signal LS2. 
Latch Sense amplifier 4d is activated to perform a Sense 
amplification operation when Sense latch instructing Signal 
LS2 is brought to L level to cause transfer circuit 4c to turn 
into a non-conductive State. 

Components in Sense amplifier 4 are the same in configu 
ration as corresponding components of Sense amplifier 3. 
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Differential circuit 4a includes: N-channel MIS transistors 
K17 and K18 driving internal nodes NAAA2 and NBBB2 to 
ground Voltage level according to the potentials on internal 
nodes NAA and NBB, respectively. Sense amplification 
circuit 4b includes: P-channel MIS transistors K20 and K21 
with their gates and drains thereof croSS connected; and 
P-channel MIS transistor K22 coupling power supply node 
to the sources of MIS transistors K20 and K21 in response 
to activation of Sense activation instructing Signal /SE2. 

Transfer circuit 4c includes N-channel MIS transistors 
K23 and K24 rendered conductive when sense latch instruct 
ing Signal LS2 is at H level, to couple internal nodes 
NAAA2 and NBBB2 to latch sense amplifier. 

With differential circuits 3a and 4a each constituted of a 
gate reception circuit receiving an input Signal at the tran 
Sistor gates, Sense amplifierS3 and 4 can perform the Sensing 
operations according to Voltages on internal nodes NAA and 
NBB independently of each other. Thus, sense amplifiers 3 
and 4 are allowed to perform the Sensing operation with 
Sense margin different from each other. 

By making different the activation timing between Sense 
amplifiers 3 and 4, a potential difference is made different 
between internal nodes NAA and NBB at each start of sense 
operation of Sense amplifiers 3 and 4. Thereby, Sense mar 
gins for the signals on internal nodes NAA and NBB for 
sense amplifiers 3 and 4 are made different from each other 
to perform Sense operations and thereby a shift in threshold 
Voltage due to a change in memory cell characteristic can be 
detected. Output Signals of Sense amplifiers 3d and 4d are 
applied to control circuit 5 shown in FIG. 1. 

In data reading, an output signal of latch Sense amplifier 
4d is outputted as memory cell data. This is because as 
detailed later, a sense operation activation timing of sense 
amplifier 4 is set later than that of sense amplifier 3 and the 
Sense operation by Sense amplifier 4 is performed with a 
Sufficient Sense margin, thereby enabling correct reading of 
memory cell data. Latch Sense amplifier 3 is used for 
detecting a margin failure of data. Detection of a margin 
failure is performed on the basis of coincidence/non 
coincidence between logical levels of output signals of Sense 
amplifiers 3 and 4, which will be detailed later. 

FIG. 5 is a diagram showing one example of a configu 
ration of latch sense amplifiers 3 and 4 shown in FIG. 4. 
Since Sense amplifiers 3 and 4 have the same configuration, 
a configuration of sense amplifier 3 is shown in FIG. 5 and 
control Signals used in Sense amplifiers 4 are shown in 
parentheses. 

Sense amplifier 3 includes: N-channel MIS transistors 
K30 and K31 with their grates and drains cross connected; 
an N-channel MIS transistor K32 rendered conductive when 
complementary Sense latch instructing Signal /LS1 (/LS2) is 
brought to H level, to couple the sources of MIS transistors 
K30 and K31 to ground node, P-channel MIS transistors 
K33 and K34 with their gate and drains cross connected; and 
a P-channel MIS transistor K35 rendered conductive when 
Sense latch instructing signal LS1 (LS2) is at L level, to 
couple the sources of MIS transistors K33 and K34 to power 
Supply node. 

Internal nodes NDA and NDB are coupled to internal 
nodes NAAA1 (NAAA2) and NBBB1(NBBB2) through 
transfer circuit 3c (4c). MIS transistors K30 and K31, when 
MIS transistor K32 is conductive, drive internal node NDA 
or NDB, which is lower in potential, to ground voltage level. 
MIS transistors K33 and K34, when MIS transistor K35 is 
conductive, drive internal node NDA or NDB, which is 
higher in potential, to power Supply node and to latch. 

In the configuration of Sense amplifier 3 (4), there may be 
provided a precharge transistor precharging nodes NAAA1 
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and NBBB1 (NDA and NDB) to ground voltage level 
according to equalize instructing Signal EQ. 

Output signals of Sense amplifiers 3(4) are generated from 
internal nodes NDA and NDB. 

In the configuration of a data reading Section shown in 
FIG. 4, the gate capacitances of differential circuit 3a and 4a 
are charged according to currents Irmn and Iref flowing 
through internal nodes NA and NB and the charged poten 
tials are differentially amplified. Then, in Sense amplification 
circuits 3b and 4b, potentials on internal nodes NAA and 
NBB, differentially amplified by differential circuits 3a and 
4a, are further amplified. Output Signals of Sense amplifi 
cation circuits 3b and 4b are then driven to and latched at 
CMOS levels by latch sense amplifiers 3d and 4d. 

Since the gate capacitances of differential circuits 3a and 
4a are Sufficiently Small, a Sense operation can be performed 
at high Speed to generate internal read data according to 
currents Irmn and Iref. Then, description will be given of an 
operation in data read section shown in FIGS. 4 and 5 with 
reference to a Signal waveform diagram shown in FIG. 6. 

In the configuration shown in FIG. 4, in memory cell MC, 
a current is made flowing from bit line BL to virtual source 
line BLS and reading is performed on data Stored in a data 
Storage region closer to virtual Source line of memory cell 
MC. 

In standby state prior to time T1, word line activation 
signal WLE is in inactive state and word line WL is in 
non-Selected State. Therefore, constant current Sources 1 a 
and 2a are isolated from nodes NA and NB. Since no column 
Select operation is performed yet, internal read data line 
VRDa is also isolated from bit line BL and constant current 
Source 1a. 

In the standby state, equalize instructing signal EQ is at H 
level, precharge/equalize circuits 10 and 12 are activated to 
precharge and equalize nodes NA and NAA, NB and NBB 
to ground voltage level. MIS transistors K11 and K19 are 
both in on state and internal nodes NAAA1 and NBBB1 are 
precharged to an intermediate Voltage level or ground Volt 
age level. 
At time T1, a Select operation of a memory cell is Started 

and at first, equalize instructing Signal EQ falls down to L 
level to complete equalize operation for internal nodes NA, 
NAA, NAAA1, NAAA2, NB, NBB, NBBB1 and NBBB2. 
Then, word line activation signal WLE is activated to raise 
selected word line WL to H level. A read column select gate 
not shown turns conductive to couple bit line BL to internal 
read data line VRDa, to Supply a current from constant 
current source 1a to bit line BL through MIS transistor 1b. 
Virtual source line BLS is coupled to ground node. 
A constant current from constant current Source 1a is 

supplied to internal read data line VRDa and internal node 
NA through MIS transistor 1b, and voltage levels on node 
NA and bit line BL are raised according to Supply currents 
Imem and Irmn. Similarly, a voltage level on node NB is 
also raised by comparison reference current Iref from con 
Stant current Source 2a of reference current generating 
circuit 2. Comparison reference current Iref is at an inter 
mediate level between a high threshold Voltage level and a 
low threshold voltage level with respect to residual current 
Irmn. 

If nodes NA and NB each have a quantity of current 
flowing according to Stored data in memory cell MC 
changed and a Voltage level thereof changed in response, 
Select Signal SL is raised, at time T2, to H level, and nodes 
NA is coupled to node NAA and node NB is coupled to node 
NBB 
A Voltage level on node NAA varies according to residual 

current Irmn flowing through node NB. Node NBB rises in 
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Voltage level according to comparison reference current Iref 
supplied from node NB. In FIG. 6, there is shown the states 
where residual currents Irmn in a high threshold Voltage 
State and in a low threshold Voltage State are Supplied to 
node NAA (NAA H/L). 
When voltage levels on internal nodes NAA and NBB 

rise, the gate capacitances of differential circuits 3a ad 4a are 
charged to change a conductance of the MIS transistor at the 
input stage. As shown in FIG. 6, if internal nodes NAAA and 
NBBB are precharged to ground Voltage level, only con 
ductances of MIS transistors K9, K10, K17 and K18 of 
differential circuits 3a and 4a become different. Internal 
nodes NAAA and NBBB maintain ground voltage level 
unchanged. 
On the other hand, though not shown in FIG. 6, when the 

internal nodes are precharged to an intermediate Voltage 
level, differential circuits 3a and 4a lower the potentials of 
internal nodes NAAA1, NBBB1, NAAA2 and NBBB2 from 
the intermediate Voltage level according to Voltage levels on 
nodes NAA and NBB. At that time, since in internal node 
NAA, a Supply current is different according to Stored data 
in memory cell MC, Voltage levels on internal nodes 
NAAA1 ad NAAA2 each attain a high voltage state or a low 
Voltage State according to Stored data in memory cell MC 
with respect to internal nodes NBBB1 and NBBB2. When 
memory cell MC is in a low threshold voltage state, memory 
cell current Imem flows, and therefore a potential level on 
internal node NAA is lower than a potential level on internal 
node NBB since residual current Irmn is Smaller than 
comparison reference current Iref. Therefore, in Sense 
amplifier 3, for example, a potential level on internal node 
NAAA1 is higher than internal node NBBB1 (MIS transistor 
K10 has a conductance made larger and a current driving 
ability increased to discharge internal node NBBB1 faster 
than internal node NAAA1). 

Then, at time T3, Sense activation instructing Signal (SE1 
is activated to activate Sense amplification circuit 3b, which 
in turn pulls up a potential level of internal node NBBB1 or 
NAAA1, whichever is higher, to power Supply Voltage level. 
In this case, a current drive ability of MIS transistor K14 is 
made Smaller to make a pull-up Speed for internal nodes 
NAAA1 and NBBB1 comparatively moderate. 

In the Sense operation, when internal nodes NAAA1 and 
NBBB1 are precharged to ground Voltage level, currents are 
supplied from MIS transistors K12 and K13 in response to 
activation of Sense amplification circuit 3b to raise potential 
levels of internal nodes NAAA1 and NBBB1. At this time, 
in differential circuit 3a, a MIS transistor having a larger 
conductance discharges a Supplied current, while a discharge 
current of MIS transistor having a Smaller conductance is 
relatively Smaller. Thus, a Voltage difference is produced 
between internal nodes NAAA1 and NBBB1 and amplified 
by sense amplification circuit 3a. That is, in differential 
circuit 3a, a potential on an internal node connected to a MIS 
transistor having a Smaller conductance rises at a speed 
higher than that on the other internal node. 

Then, at time T4, Sense activation instructing Signal (SE2 
is activated to activate Sense amplification circuit 4b. At time 
T4, internal nodes NAA and NBB have been driven for a 
sufficiently long period. Even if internal nodes NAAA2 and 
NBBB2 are maintained at precharge Voltage level (ground 
voltage), conductances of MS transistors K17 and K18 of 
differential circuit 4a are sufficiently different from each 
other. Furthermore, even in a case where internal nodes 
NAAA2 and NBBB2 are precharged to an intermediate 
Voltage, a potential difference between internal nodes 
NAAA2 and NBBB2 is made sufficiently large by differen 
tial circuit 4a. 
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Therefore, at time T4, when sense amplification circuit 4b 

is activated, a Sense operation of potential levels of internal 
nodes NAAA2 and NBBB2 can be more correctly 
performed, compared with that by Sense amplification cir 
cuit 3b. 
At time T5, Sense latch instructing Signal LS1 is set to L 

level to isolate internal nodes NAAA1 and NBBB1 from 
latch Sense amplifier 3d. At this time, electric charges 
corresponding to the Voltage levels of internal nodes 
NAAA1 and NBBB1 are already stored in latch sense 
amplifier 3d. A Sense operation is performed at high Speed 
according to a So-called charge confinement Scheme, to 
generate internal read data at CMOS level. 

Then, at time T6, latch instructing Signal LS1 is set to L 
level to turn transfer circuit 4c into non-conductive State to 
isolate latch sense amplifier 4d from internal nodes NAAA2 
and NBBB2, and further to activate latch sense amplifier 4d. 
In Sense amplification circuit 4b, during a period between 
time T2 and T4, differential circuit 4b is continuously driven 
according to voltages on internal nodes NAA and NBB. 
Upon activation of Sense activation instructing Signal (SE2 
at time T4, a potential difference between internal nodes 
NAAA2 and NBBB2 can be correctly detected. 
At time T6, latch Sense amplifier 4d, when activated, 

amplifies a large potential difference provided through 
amplification by Sense amplification circuit 3b at high Speed 
to generate internal read data at CMOS level. 
At time T7, reading of memory cell data is completed, 

word line WL is brought into non-selected state, Supply of 
a read current to bit line BL is ceased and further Supply of 
a current to internal node NB is also ceased. Then, at time 
T8, select signal SL is set to Llevel to isolate internal nodes 
NAA and NBB from internal nodes NA and NB and equalize 
instructing Signal EQ is activated to precharge and equalize 
the internal nodes to ground Voltage level. Furthermore, 
Sense latch instructing Signals LS1 and LS2 are driven to H 
level to deactivate latch sense amplifiers 3d and 4d. 

In sense amplifier 3, therefore, differential circuit 3a is 
driven by potential levels of internal nodes NAA and NBB 
for a period of t1 to accordingly drive internal nodes NAA 
and NBB. On the other hand, in sense amplifier 4, differ 
ential circuit 4a is driven according to Voltage levels of 
internal nodes NAA and NBB for a period of t2, to drive 
internal nodes NAAA2 and NBBB2 according to potential 
levels of internal nodes NAA and NBB. 

In a case where internal nodes NAAA1, NBBB1, NAAA2 
and NBBB2 are precharged to set potential voltage levels, 
there arises a difference in conductance of MIS transistors in 
differential circuits 3a and 4a and Such difference in con 
ductance increases with increase in potential difference 
between internal nodes NAA and NBB. In a case where 
internal nodes NAAA1, NBBB1, NAAA2 and NBBB2 are 
precharged to an intermediate Voltage level, a potential 
difference between internal nodes NAAA and NBBB 
increases with increase in potential difference between inter 
nal nodes NAA and NBB. In any of the operating situations, 
therefore, a potential difference between internal nodes 
NAA and NBB is different for the sense amplifier 3 and for 
the Sense amplifier 4. Accordingly, a Sense margin is differ 
ent according to which of Sense amplification circuits 3b and 
4b is operated, thereby enabling Sense amplifier 4 to perform 
a Sense operation with a Sufficient margin. 
On the other hand, in Sense amplifier 3, changes in 

potential level of internal nodes NAA and NBB is small, and 
a Sense operation is performed with a Smaller margin. 
Change in threshold Voltage characteristic of a memory cell 
is detected according to coincidence/non-coincidence in 
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logical level between internal read data read by Sense 
amplifiers 3 and 4. 

In each of differential circuits 3a and 4a, the gates of MIS 
transistors are coupled to internal nodes NAA and NBB. 
Internal nodes NAA and NBB are electrically isolated from 
internal nodes NAAA1 and NAAA2, and NBBB1 and 
NBBB2 to prevent an interaction between sense operations 
of Sense amplifiers 3 and 4 from occurring. Thereby, Sense 
amplifiers 3 and 4 can be operated with different margins. 
By activating Sense amplifier 3 at a fast timing, a Sense 

operation is performed in a State where a potential difference 
between nodes NAA and NBB is small. For a memory cell 
with a Small shift in threshold Voltage characteristic and a 
Sufficient margin, data at the Same logical level can be read 
not only in the first sense operation (Sub Sense), but also in 
the Second sense operation (main sense). If a margin for a 
memory cell is deteriorated for Some reason, a Sense result 
by sense amplifier 3 is different from that by sense amplifier 
4. 
AS external read data, read data of Sense amplifier 4 is 

used. When internal read data of sense amplifier 3 is 
defective, it is determined that a margin failure is brought 
about, to change a Set condition for reference current for a 
memory cell with the margin failure. 

Here, periods (sense periods) from when sense amplifi 
cation circuits 3b and 4b are activated to when the respective 
latch Sense amplifierS 3d and 4d are activated are the same 
with each other, in sense amplifiers 3 and 4. That is, by 
making use of magnitude of a signal amplitude of a Sensing 
object only, a Sense operation is performed for the same 
period to detect reduction in Sense margin according to a 
sense result. 

FIG. 7 is a diagram, in an exaggerate Sense, showing a 
change in potential of each of internal nodes NAA, NBB, 
NAAA (1 and 2), and NBBB (1 and 2). In FIG. 7, there is 
shown waveforms of changes in Voltages when internal 
nodes NAAA and NBBB are precharged to an intermediate 
Voltage levels. 
When Select Signal SL is activated to cause currents to 

flow into internal nodes NAA and NBB, potential levels of 
internal nodes NAA and NBB change first. Comparison 
reference current Iref flows into internal node NBB, which 
in turn rises in potential level at a predetermined Speed. A 
quantity of a current flowing into internal node NAA is 
different according to Stored data in Selected memory cell 
MC. When a threshold voltage of selected memory cell MC 
is low, most of a Supply current from read current Supply 
circuit flows through the memory cell, and residual current 
Irmn is Small to cause Substantially no change in Voltage 
level of internal node NAA (NAACL) in FIG. 7). 
On the other hand, when a Selected memory cell is in a 

high threshold Voltage State, So much current does not flow 
or substantially no current flows through memory cell MC, 
and residual current Irmn becomes large in magnitude to 
raise a potential level of internal node NAA. (indicated by 
node NAA (H) in FIG. 7). 

Precharge Voltage (intermediate voltage level) changes 
with rise in potential level of internal nodes NAA and NBB. 
When a potential level of internal node NAA is indicated by 
a potential NAACL), the potential level is at substantially 
ground Voltage level and a corresponding MIS transistor in 
a differential circuit is in substantially off state. Therefore, 
internal node NAAA is not discharged, but maintains the 
intermediate level after precharge (indicated by NAAA (H) 
in FIG. 7). 
On the other hand, when a voltage level of node NAA 

rises higher than node NBB, internal node NAAA is dis 
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charged at a speed higher than internal node NBBB 
(indicated by NBBB(L) in FIG. 7). 

Since internal node NBBBB is discharged according to a 
change in potential of internal node NBB, a potential of 
internal node NBBB falls at a speed determined by the 
comparison reference current. 

Sense amplifier 3 is activated in response to Sense acti 
Vation instructing Signal /SE1 to cause the Sense amplifica 
tion circuit therein to perform a moderate Sense operation 
according to a limited current by the Sense activation 
transistor, to raise a potential of internal node NAAA or 
NBBB, whichever is higher. On the other hand, sense 
amplifier 4 is activated according to Sense activation 
instructing Signal /SE2, to Sense a potential difference 
between internal nodes NAA and NBB moderately with a 
Sense current (determined by a Sense activation transistor). 
A period from when Sense activation instructing Signal 

/SE1 is activated to when latch sense amplifier 3d is acti 
Vated and a period when Sense amplification circuit 4b is 
activated to when latch Sense amplifier 4d is activated, that 
is, Sense periods of Sense amplifiers 3 and 4 are the same. By 
Setting Sense periods to be the Same, potential differences of 
interest are made different, and thus, it is determined 
whether a Sense margin failure arises on the basis of whether 
or not Sense amplifier 3 malfunctions. 

FIG. 8 is a diagram showing margin check according to a 
dual Sense Scheme using Sense amplifiers 3 and 4. In FIG. 8, 
the abscissa indicates time, and the ordinate indicates poten 
tials on nodes NAA and NBB. 
Word line WL is selected and residual current Irmin flows 

into node NAA according to Stored data in a Selected 
memory. In a case where a threshold Voltage of the Selected 
memory cell is low, memory cell current Imem flows 
through the Selected memory cell and residual current Irmn 
is Small in magnitude to slow a charging Speed of node 
NAA. That is, a change in potential on node NAA in a State 
where a threshold Voltage of the Selected memory cell is low, 
is represented by a straight line NAACL). 
When a selected memory cell has a high threshold 

Voltage, a current Imem flowing through the Selected 
memory cell is very Small, while residual current Irmn 
becomes large, thereby increasing a charging Speed of node 
NAA. On the other hand, node NBB is charged by com 
parison reference current Iref, and has a charging Speed 
COnStant. 

Sense amplifiers 3 and 4 Senses and amplify a potential 
difference between nodes NAA and NBB. When activated in 
response to activation of Sense amplification instructing 
Signal /SE1, Sense amplifier 3 Senses a potential difference 
between nodes NAA and NBB. At this time, a potential 
difference between nodes NAA and NBB corresponding to 
a memory cell in a high threshold Voltage State, or a Sense 
margin MGH, is still small and a potential difference 
between nodes NAA (NAACL)) and NBB corresponding to 
a memory cell in a low threshold Voltage State, or a margin 
MGL for a low threshold voltage state is still Small. That is, 
Sense amplifier 3 performs a Sense operation under a State 
where a Sense margin is Small. Therefore, a margin upon 
reading data in Selected memory cell 2 is checked. 

Sense amplifier 4 is activated in response to activation of 
Sense activation instructing Signal /SE2, later than Sense 
amplifier 3, and Senses and amplifies a potential difference 
between nodes NAA and NBB. When sense amplifier 4 is 
activated, a potential difference between nodes NAA and 
NBB is sufficiently large with a sufficient margin, and a 
correct Sense operation is performed to generate internal 
read data corresponding to a threshold Voltage State of a 
memory cell. 
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Sense amplifiers 3 and 4 have the same sense period ST 
and perform the last sense operations (high speed response) 
with latch Sense amplifiers in response to Sense latch 
instructing Signals LS1 and LS2, respectively. Therefore, in 
a case where Sense amplifiers 3 and 4 have the same Sense 
period ST but have different margins for input Signals, if an 
error would occur, Such error would occur first in Sense 
amplifier 3. Whether or not a margin failure arises is 
identified by detection of coincidence/non-coincidence in 
logical level between internal read data read by Sense 
amplifiers 3 and 4. 
As shown in FIG. 8, when a sense operation is performed 

by Sense amplifier 4 in response to activation of Sense 
activation instructing Signal (SE2, Sense margins on the H 
level side and on the low level side are assumed being AMG. 
A potential on node NAA in a State of a threshold Voltage 
failure is indicated by a straight line NAAD(H) and a 
potential on node NAA when an abnormal cell in a low 
threshold Voltage State is Selected is indicated by a Straight 
line NAAD(L). In a situation where a threshold voltage 
failure occurs, Sense amplifier 4 can perform a correct Sense 
operation if a potential difference between nodes NAA and 
NBB is equal to or greater than the minimum Sense margin 
AMG when sense amplifier 4 is activated by sense activation 
instructing Signal /SE2. Sense amplifiers 3 and 4 have the 
Same configuration and the same Sense period. In this State, 
as a Sense margin for Sense amplifier 3, there is caused only 
a potential difference Smaller than the minimum Sense 
margin AMG, leading to a high possibility of malfunction of 
Sense amplifier 3. Therefore, it is determined that a margin 
failure occurs if non-coincidence arises in logical level 
between internal read data generated from Sense amplifiers 
3 and 4 and a current level of comparison reference current 
Iref is adjusted. 

FIG. 9 is a table showing, in a list form, contents of 
processing performed on the basis of output signals of Sense 
amplifiers 3 and 4. Determination processing shown in FIG. 
9 is performed in control circuit 5 shown in FIG. 1. 

In FIG. 9, a result of a sub sense operation shows output 
data of Sense amplifier 3 and a result of a main Sense 
operation shows an output data of Sense amplifier 4. 
When output signals of sense amplifiers 3 and 4 show 

both high threshold Voltage States, logical levels of output 
data of respective Sense amplifiers 3 and 4 are in coincidence 
with each other and correct Sense operations are operated 
wherein margins are normal (OK). In this case, Since a 
Selected memory cell is in a normal threshold Voltage State, 
no specific processing is performed. 
On the other hand, in a case where an output Signal of 

Sense amplifier 3 indicates a low threshold Voltage State 
while an output of Sense amplifier 4 indicates a high thresh 
old Voltage State, logical levels of output data of Sense 
amplifiers 3 and 4 are non-coincident. Accordingly, a margin 
failure (NG) occurs in a margin check operation (a Sub Sense 
operation) by Sense amplifier 3 and it is determined that a 
threshold Voltage characteristic changes and that a threshold 
Voltage of a memory cell in a high threshold Voltage State 
decreases. 

That is, although a selected memory cell should be in off 
State (a read voltage is set at an intermediate Voltage level 
between a high threshold voltage and a low threshold 
voltage), memory cell current Imem flows and a residual 
current Irmn flowing into Sense amplifierS3 and 4 decreases. 
Therefore, in this case, comparison reference current Iref is 
adapted to be reduced. Thereby, for a memory cell that is Set 
to a high threshold Voltage and has a characteristic deterio 
rated to be apt to cause a leakage current, comparison 
reference current Iref is reduced to Secure a Sense margin. 

1O 
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In a case where output data of Sense amplifiers 3 and 4 

both indicates low threshold Voltage States, logical levels of 
output data of Sense amplifiers 3 and 4 are coincident with 
each other and a margin is normal (OK), leading to no 
Specific operation. 
On the other hand, if output data of sense amplifier 3 

indicates a high threshold Voltage State, while output data of 
Sense amplifier 4 indicates a low threshold Voltage State, 
logical levels of output data of Sense amplifiers 3 and 4 are 
non-coincident with each other and it is determined that a 
margin failure (NG) occurs. In this State, a threshold voltage 
of a memory cell Set to a low threshold Voltage State Shifts 
toward a higher level. That is, a memory cell is in a low 
threshold Voltage State, discharge is not performed Suffi 
ciently though more memory cell current should be dis 
charged through a memory cell, and the quantity of current 
flowing into Sense amplifierS3 and 4 increases. Therefore, in 
this case, comparison reference current Iref Supplied from 
the comparison reference Side is increased to compensate for 
a rise in threshold Voltage of the memory cell. 
By performing adjustment in comparison reference cur 

rent Iref according to a situation of each individual memory 
cell, a Sense operation can be performed with a Sufficient 
margin Secured for each memory cell. 

FIG. 10 is a diagram Schematically showing a configu 
ration of an address registration control Section for a 
memory cell with a deteriorated characteristic, included in 
the control circuit 5 shown in FIG. 1. In FIG. 10, control 
circuit 5 includes: a non-coincidence detecting Section 15 
receiving output signals of Sense amplifiers 3 and 4 to detect 
coincidence/non-coincidence between logical levels of out 
put data of sense amplifiers 3 and 4; an address registration 
control Section 12 for controlling registration of an address 
of a memory cell according to a non-coincidence detection 
indicating Signal from non-coincidence detecting Section 15 
and output data of Sense amplifier 4, and address Storage 
sections 17 and 18 storing an address signal AD under 
control of the address registration control Section 16. 
Address Storage Section 17 Stores the address of a memory 
cell address having a risen threshold Voltage, and address 
Storage Section 18 Stores the address of a memory cell 
having a fallen threshold Voltage. 

Control circuit 5 is generally constituted of a processor 
and the like and its operation is controlled in a Software 
manner, and in FIG. 10, there is shown a configuration 
asSociated with address registration and control of control 
circuit 5 functionally. 

Address Storage Sections 17 and 18 each are configured 
of, for example, electric fuses (fusible electrically, for 
example, a fuse ROM), an electrically programmable, eras 
able non-volatile read-only memory or an SRAM (static 
random access memory). In address storage Sections 17 and 
18, even if address programming is performed using an 
electric fuse, a characteristic of a memory cell changes with 
increase in the number of times of rewriting (erasure/ 
programming), but since the direction of the change is 
constant, no problem arises. For example, in a case where a 
threshold Voltage characteristic changes to shift a threshold 
Voltage to a higher level, the threshold Voltage shifts to a 
higher level even when rewriting is performed after a margin 
failure occurs. Therefore, a Sufficient margin can be Secured 
in rewriting, by adjusting the reference current in detection 
of a margin failure. 

FIG. 11 is a flowchart representing an address registration 
operation in control circuit 5 shown in FIG. 10. Referring to 
FIG. 11, description will be given of an operation in control 
circuit 5 shown in FIG. 10. 
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First, data is read from a selected memory cell (step S1). 
The data reading includes a read operation on a memory cell 
for performing verification of erased/written States when 
erasure/writing are performed internally. 

Data reading is performed and it is determined whether 
logical levels of output data of Sense amplifiers 3 and 4 are 
non-coincident in non-coincidence detecting Section 15 
(step S2). Since no problem arises in a case where logical 
levels of output data of Sense amplifiers 3 and 4 are 
coincident, no address registration is performed. 
On the other hand, when in step S2, it is determined that 

logical levels of output data of Sense amplifiers 3 and 4 are 
non-coincident, then address registration control Section 16 
determines a shifting direction of a threshold voltage (Vth), 
using the output data of Sense amplifier 4 (step S3). 

Address registration of a memory cell is performed under 
control of address registration control Section 16 according 
to determination on whether a threshold voltage (Vth) 
increases or decreases (step S4). An address AD indicates a 
unit region in Switching a current quantity of reference 
current Iref. Address AD may be an address Signal of each 
memory cell, an address Signal for each memory block, an 
address signal for each Sector (or a word line) of an erasure 
unit, or a column address Signal designating a memory cell 
column unit. A registration address is appropriately deter 
mined according to a Scale of address registration Sections 
17 and 18 and a configuration and Scale of a circuit Section 
detecting address coincidence as described later. AS the 
minimum unit, a reference current is changed for each a 
Sector (word line) of an erase unit, or in units of columns. In 
this case, for a programmed (registered) address, there is 
employed a word line address signal specifying a word line 
or a column address specifying a memory cell column (bit 
line). The column address designates a pair of bit lines 
because of a configuration of a memory array using a virtual 
Source line. 

FIG. 12 is a diagram showing one example of a configu 
ration of a reference current adjusting Section included in 
each of reference current generating circuit 2 and control 
circuit 5 shown in FIG. 1. In FIG. 12, control circuit 5 
includes: a reference current adjusting Section 20 for accom 
modating for a rise in threshold Voltage of a memory cell; 
and a reference current adjusting Section 22 for accommo 
dating for a drop in threshold Voltage. Reference current 
adjusting Sections 20 and 22 each Store the address of a 
memory cell having a margin failure produced by a shift in 
threshold Voltage, and determine whether or not an applied 
address (including a verify address and an external read 
address) designates a programmed (registered) address to 
Selectively adjust a magnitude of reference current Iref 
Supplied by reference current generating circuit 2 according 
to a result of the determination. 

Reference current adjusting Section 20 includes: address 
program/comparator Sets 20a to 20n each for programming 
an address of each adjustment unit and comparing an applied 
address and a programmed address, and coincidence deter 
mining circuit 21 determining whether the applied address 
Signal designates the programmed address according to 
outputs of address program/comparator Sets 20a to 20n. 

Address program circuits included in address program/ 
comparator Sets 20a to 20n correspond to address Storage 
Section 17 shown in FIG. 10. 

Reference current adjusting circuit 22 Similarly includes: 
address program/comparator Sets 22a to 22n, and coinci 
dence determining circuit 23 determining whether the 
applied address Signal designates the programmed address 
according to outputs of address program/comparator Sets 
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22a to 22n. Address program circuits included in address 
program/comparator Sets 22a to 22n correspond to address 
storage section 18 shown in FIG. 10. 
An address program circuit included in each of reference 

current generating circuits 20 and 22 is configured of electric 
fuses, an electrically programmable ferasable non-volatile 
read-only memory or an SRAM in similar manner to the 
configurations of address Storage Sections 17 and 18 shown 
in FIG. 10. 

Reference current generating circuit 2 includes: a constant 
current generating Section generating a constant current, a 
reference Voltage generating Section converting the constant 
current to a Voltage to generate reference Voltage Vref; and 
a reference current Supply Section generating reference 
current Iref according to reference voltage Vref. The refer 
ence Voltage generating Section has a function of changing 
a Voltage level of reference Voltage Vref. 
The constant current generating Section includes: a 

P-channel MIS transistor QT1 connected between power 
Supply node and a node 26, and having a gate connected to 
a node 25; a P-channel MIS transistor QT2 connected 
between power Supply node and node 25, and having a gate 
connected to a node 25; an N-channel MIS transistor OT3 
connected between node 26 and ground node, and having a 
gate connected to node 26; and an N-channel MIS transistor 
QT4 and a high resistance element Z, connected in Series 
between node 25 and ground node. 
The gate of MIS transistor QT4 is connected to node 26. 

A current driving ability (a size: ratio of a channel width to 
channel length) of MIS transistor QT4 is set so as to be 
sufficiently larger than that of MIS transistor QT3. 
The constant current generating Section further includes a 

P-channel MIS transistor QT5 connected between power 
Supply node and a node 27, and having a gate connected to 
node 25. 

In the constant current generating Section, MIS transistors 
QT1 and QT2 constitute a current mirror circuit, and Supply 
currents of the same magnitude. Since currents of the same 
magnitude flow in MIS transistors QT3 and QT4, gate to 
Source voltages Vgs of MIS transistors QT3 and QT4 are 
different from each other. That is, a source potential of MIS 
transistor QT4 becomes higher than ground Voltage level 
and a difference in gate to Source Voltage between MIS 
transistors QT4 and QT3 is applied acroSS high resistance 
element Z. 
When a potential level of node 26 rises, a quantity of 

current flowing through MIS transistor QT4 increases. In 
response, a Voltage drop acroSS high resistance element Z is 
increased to raise a source potential of MIS transistor QT4 
to decrease a quantity of current flowing through MIS 
transistor QT4. In response to the decrease, a Supply current 
into node 26 is reduced through a feed-back loop of MIS 
transistors QT2 and QT1 to lower a potential level of node 
26. In contrast, when a potential level of node 26 lowers, a 
driving current of MIS transistor QT4 decreases to reduce a 
Voltage drop acroSS high resistance element Z. Therefore, a 
gate to source voltage of MIS transistor QT4 rises to 
increase a current flowing through MIS transistors QT2 and 
QT1 and to raise a potential level of node 26. Therefore, a 
difference in gate to Source Voltage between MIS transistors 
QT4 and QT3 always stays constant to cause a constant 
current, determined by a difference in gate to Source Voltage 
between MIS transistors QT4 and OT3 and a resistance 
value of high resistance element Z, to flow through MIS 
transistor QT2. 
MIS transistor OT5 constitutes a current mirror circuit 

together with MIS transistor QT2 to supply a current of a 
prescribed magnitude. 
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The reference Voltage generating Section includes: resis 
tance elements R1 to R5 connected in series between node 
27 and ground node; Switching transistors SW1 to SW4 
connected in parallel to the respective resistance elements 
R2 to R5. By selectively setting Switching transistors SW1 
to SW4 into conductive or non-conductive state, a combined 
resistance connected between node 27 and ground node is 
changed to adjust a Voltage level of reference Voltage Vref. 
An output signal of coincidence determining circuit 21 is 

applied to the gate of Switching transistor SW1 and an output 
Signal of coincidence determining circuit 23 is applied to the 
gate of Switching transistor SW2. An erase operation mode 
instructing Signal ERM is applied to Switching transistor 
SW3 and a write mode instructing signal (program mode 
instructing signal) /PRG is applied to Switching transistor 
SW4. Switching transistors SW1 to SW4 each is constituted 
of an N-channel MIS transistor and short circuits a corre 
sponding resistance element when conductive, to reduce a 
resistance value of the combined resistance between node 27 
and ground node. 

Switching transistor SW1 is set into conductive state in a 
normal operation, and Set into non-conductive State when a 
threshold Voltage rises according to an output signal of 
coincidence determining circuit 21. Switching transistor 
SW2 is set into non-conductive state when a normal memory 
cell is Selected, and Set into conductive State when a thresh 
old Voltage drops according to an output signal of coinci 
dence determining circuit 23. Switching transistor SW3 is 
Set into off State in a normal operation mode, and Set into 
conductive State in erase operation mode according to erase 
operation mode instructing Signal ERM. Switching transis 
tor SW4 is set into conductive state in a normal operation 
mode and Set into non-conductive State in program operation 
in which data is written, according to a program mode 
instructing Signal /PRG. 
The reference current Supply Section includes: an 

N-channel MIS transistor QT6 receiving reference voltage 
Vref at a gate thereof, a P-channel MIS transistor QT7 
connected between power Supply node and MIS transistor 
QT6, and having a gate and drain connected together; and a 
P-channel MIS transistor QT8 connected between power 
Supply node and output node, and having a gate coupled to 
the drain node of MIS transistor OT7. 

In the reference current Supply Section, a quantity of drive 
current of MIS transistor QT6 is set according to reference 
voltage Vref. A current is supplied to MIS transistor QT6 
from MIS transistor OT7. MIS transistors OT7 and OT8 
constitute a current mirror circuit and a mirror current of a 
current flowing MIS transistors QT7 and QT6 is outputted 
from MIS transistor OT8 as reference current Iref. 
Therefore, by adjusting a Voltage level of reference Voltage 
level Vref in the reference Voltage generating Section, a 
quantity of a current flowing through MIS transistors QT6 
and QT7 can be adjusted, thereby enabling adjustment in 
current quantity of reference current Iref. 

To be specific, by setting Switching transistor SW1 into 
off State when a threshold Voltage rises, a resistance com 
ponent of resistance element R2 is added to raise a Voltage 
level of reference Voltage Vref, to increase a current quantity 
of reference current Iref. When a threshold voltage lowers, 
by Setting Switching transistor SW2 into an on State, resis 
tance element R3 is short circuited, to lower a voltage level 
of reference Voltage Vref, to reduce a current quantity of 
reference current Iref. 

FIG. 13 is a flowchart representing an operation in data 
reading of reference current generating circuit 2 and control 
circuit 5 shown in FIG. 12. The data reading is an external 
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read operation of data and does not include data reading for 
erasure verification and data reading for program Verifica 
tion. In erase/write verify operation, adjustment in reference 
current is performed on only a memory cell causing a verify 
defect a prescribed number of times, as described later. With 
reference to FIG. 13, description will be given of a control 
operation in control circuit 5 shown in FIG. 12 below. 
At the Start of reading, a generated memory cell address 

is applied to reference current generating Sections 20 and 22 
of control circuit 5 and is compared with programmed 
addresses therein (step S10). The memory cell address is 
compared in parallel with addresses programmed in address 
program/comparator Sets 20a to 20n and 22a to 22n, and 
output Signals indicating results of determination are gen 
erated from coincidence determining circuits 21 and 23. 
When coincidence is indicated in each of coincidence 

determining circuits 21 and 23, Switching transistors SW1 
and SW2 in reference current generating circuit 2 are Set to 
conductive/non-conductive State according to output signals 
of coincidence determining circuits 21 and 23 to adjust a 
current level of reference current Iref (step S11). On the 
other hand, in step S10, when the applied address is not 
programmed in reference current adjusting Sections 20 and 
22, output signals of coincidence determining circuits 21 
and 23 indicate no-coincidence, and Setting of adjustment in 
reference current Iref is not changed. 

If the data reading is a normal external reading operation 
of data, Switching transistor SW3 is set into an off state, 
while Switching transistor SW4 is set into an on state. 

After setting of reference current in steps S11 and S12, 
Selection of a memory cell and reading data are performed 
(step S13). In data read operation, a sub sense operation by 
Sense amplifier 3 (Step S13A) and a main sense operation by 
sense amplifier 4 (step S13B) are performed. 

Then, it is determined whether a Sub Sense result and a 
main sense result are coincident or non-coincident (Step 
S14). When the sub sense result and the main sense result are 
non-coincident, a determination on a logical level of the 
main sense result is made by sense amplifier 4 (step S15). 
When the main Sense result indicates a high threshold State, 
it means that the threshold Voltage of the memory cell is 
lowered due to deterioration in characteristic and the refer 
ence current is lowered for this address (step S16). In step 
S16, a memory cell address is registered in reference current 
adjusting Section 22. 
On the other hand, in a case where, in step S15, the main 

Sense result indicates a low threshold Voltage State, a current 
of the memory cell becomes hard to flow due to deterioration 
in characteristic of the memory cell due to rise in threshold 
Voltage. Therefore, a processing of increasing the reference 
current is performed (step S17). That is, in step S17, the 
address of the memory cell is programmed in reference 
current adjusting Section 20. 

In data reading, when a margin failure is further detected 
at a registered address, a prescribed error processing is 
performed. In FIG. 12, there is shown a configuration in 
which a quantity of reference current is adjusted according 
to output Signals of coincidence detecting circuits 21 and 23, 
and the address of a memory cell causing a margin failure 
once is not re-registered. 

Alternatively, in an address programming (registration) in 
steps S16 and S17, the following procedure may be adopted 
in a case where an address is registered already and a 
reference current is adjusted for the registered address. That 
is, in address registration, an address and the number of 
detected margin failures are stored. When the number of 
times of margin failures does not reach the maximum 
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allowable number, the number of detected margin failures of 
the registered address is incremented by one and a quantity 
of reference current is adjusted according to a number of 
detected margin failures. Therefore, each time the number of 
times of margin failures is incremented by one, the reference 
current is changed by a unit Step. 

In a configuration of changing the reference current by the 
unit Step at a time as described above, information on the 
number of times of corresponding detected margin failures 
is read out when a registered address is designated, to adjust 
the reference current according to information on the num 
ber of times of failures. Therefore, in the configuration 
shown in FIG. 12, the number of Switching transistors SW1 
and SW2 is increased and correspondingly, the number of 
resistance elements is increased. The number of Switching 
transistors SW1 and SW2 set to conductive state is 
increased/decreased according to the number of times of 
detection of margin failures. 

For a configuration for reading information on the number 
of times of detection of margin failures, information on the 
number of detected margin failures is read out from each 
address program circuit. Selection is made on the read out 
information according to an output signal of a corresponding 
comparison circuit, and a Selected information on the num 
ber of times of detection of margin failures is decoded to 
generate a Signal controlling conduction of a Switching 
transistor in the reference Voltage generating circuit. 

In Step S14, when a Sub Sense result and a main Sense 
result are coincident with each other, it is determined that a 
Sufficient margin is provided and a State of the reference 
current is maintained intact. 

In erase/write operation, as detailed later, a target value of 
a threshold value is Set to a prescribed value to perform 
erasure/writing regardless of deterioration in characteristic 
of a memory cell or others. Only in Verify operation, Setting 
of the reference current is Selectively performed according 
to pass/fail of a margin. As a defective memory cell in Verify 
operation, a memory cell is detected as a defective cell for 
which a Sufficient margin can not be Secured even if a 
prescribed number of times of erasures or writings is repeat 
edly performed. The address of the defective memory cell is 
registered to change the reference current (if the defective 
memory cell has been registered, according to the result of 
registration) and perform verify operation. Therefore, in 
verify operation within a prescribed number of times of 
Verify operations or less, Verify operation is performed 
Simply according to a main Sense result. Reference current 
Iref is Set So as to reduce a margin and a correct verify 
operation can be performed. 

FIG. 14 is a flowchart representing an erase operation. In 
erase operation, electrons are extracted from a charge accu 
mulating region (insulating film) to lower a threshold volt 
age. With reference to FIG. 14, description will be given of 
an adjusting operation for the reference current in erase 
operation mode below. 
When erase operation mode is designated, an erase pro 

gram is started. First, necessary conditions for erase opera 
tion are set (Step S20). In erase mode, a threshold Voltage of 
a memory cell transistor is set low. In order to perform verify 
operation with the reference current Iref to the Sense ampli 
fiers reduce, Switching transistor SW3 in the reference 
current generating circuit shown in FIG. 12 is set to on State 
to lower the reference voltage Vref to reduce the reference 
current Iref. In erase mode, the current quantity of compari 
Son reference current Iref for an address Stored in reference 
current adjusting Sections 20 and 22 is not performed. That 
is, adjustment of the reference current by address compari 
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Son is performed only in the last verify Sequence detailed 
later but not performed in a normal verify operation. 
To be specific, in erase Verify operation in which internal 

reading of data is performed, Switching transistorS SW3 and 
SW4 are both set to an on state. In write verify operation, 
Switching transistors SW3 and SW4 are set to an off state. 
Therefore, in erase verify operation, Switching transistors 
SW3 and SW4 both enter on state, a voltage level of 
reference Voltage Vref lowers to decrease the reference 
current Iref. On the other hand, in write verify operation in 
which internal reading of data is performed in a similar 
manner, Switching transistors SW3 and SW4 are set to an off 
State. A Voltage level of reference Voltage Vref is raised to 
raise a Voltage level of reference current Iref. 

Since a memory cell in erased State flows a larger current, 
residual current Irmn is Small, and reference current Iref is 
made Small to decrease a Sense margin in erase Verify 
operation for performing the verify operation. In a memory 
cell in a written State, Since Substantially no current flows, 
residual current Irmn becomes large, and reference current 
Iref is made larger to decrease a Sense margin. 
By performing verify operation under the State of a Small 

Sense margin, correct verify operation is achieved. A Sense 
margin can be increased in data reading in a normal opera 
tion mode. 
When erase Setting is completed, then an erase Sequence 

is performed (step S21). In the erase sequence, there is 
performed erasure on a memory cell of an erase target. That 
is, a negative Voltage pulse is applied to the control gate 
electrode of a memory cell transistor and a positive Voltage 
pulse is applied to the drain (bit line) thereof. With the 
positive voltage applied to the drain, hot holes are generated 
and accelerated by the Voltage of the control gate to be 
injected into an insulating film and to cause accumulated 
electrons therein to be annihilated through recombination. 
Thereby, a threshold voltage of the memory cell transistor is 
lowered. 
When the erase Sequence is completed, then there is 

performed an erase verify operation to determine whether or 
not erasure has been correctly performed (step S22). In the 
Verify operation, an erase verify Voltage is applied onto a 
word line of an erase target. In the erase verify operation, a 
current amount of reference current Iref is reduced in Step 
S20 of erase setting step. In the erase state, the threshold 
Voltage is lowered. In Such low threshold Voltage State, a 
State likely to cause a margin failure is the State in which the 
threshold Voltage is shifted to a higher level. In a case of a 
threshold voltage rising defect, residual current Irmn 
increases more than in a normal memory cell. In Such a State, 
by decreasing reference current Iref, a Small margin is Set for 
a risen threshold Voltage to detect an erasure failure due to 
a threshold Voltage rising defect with certainty. 

In the Verify operation, a memory cell is Selected and a 
current is caused to flow in the memory cell and determi 
nation is made on whether or not a current with a desired 
magnitude flows through the memory cell (Step S23). In Step 
S23, for a verify operation, if a memory cell is correctly Set 
in an erased State, erasure is performed on a memory cell at 
the next address (step S24). If a current address is the last 
address, the erase operation is terminated Since a next 
address is not present. If the next address is not the last 
address of addresses of erasure target, the process returns 
again to Step S21 to perform an erase operation by injection 
of hot holes. 
On the other hand, in step S23, if it is determined that a 

verify result is defective (NG), that is, if in step S23, a main 
Sense result does not indicate the erased State, it is deter 
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mined whether or not the number of times of verify opera 
tions reaches a predetermined count (step S26). If the 
number of times of Verify operations does not reach the 
prescribed count, the process returns again to Step S21 to 
perform erasure on the same memory cell. 

In step S26, if it is determined that the number of times 
of Verify operations reaches the prescribed count, the last 
Verify Setting is performed in order to perform the last verify 
operation (step S27). In step S27 of the last verify setting, 
reduction in a Voltage level of reference current Iref is 
cancelled, Switching transistor SW3 shown in FIG. 12 is set 
to a non-conductive State and a quantity of reference current 
Iref is increased. In this State, last verify Sequence EVO is 
performed. 

FIG. 15 is a flowchart representing proceSS Steps in the 
last verify sequence shown in FIG. 14. Referring to FIG. 15, 
description will be given of the contents of last verify 
sequence EVO below. 

In the last verify sequence EVO, it is first determined 
whether or not registration of a memory cell address is made 
in reference current adjusting section 20 shown in FIG. 12. 
An erase operation is an operation of lowering a threshold 
Voltage and in this case, where to produce a margin failure 
is a memory cell failure causing a rise in threshold Voltage. 
Therefore, it is detected whether or not an address is 
registered at reference current adjusting Section 20 for 
accommodating for Such rise in threshold voltage (step S30). 

In Step S30, when an address is registered and a memory 
cell of interest is recognized to be of a Small margin (a 
memory cell a threshold Voltage of which cannot be made 
Sufficiently Small), reference current Iref is then adjusted to 
be increased (step S34). 

In last verify sequence EVO, in the reference current 
generating circuit shown in FIG. 12, Switching transistor 
SW3 is in an off state, Switching transistor SW2 is in an off 
state and Switching transistor SW4 is in an on state. In this 
State, in address registration, Switching transistor SW1 is Set 
into an off State to increase reference current Iref. Under this 
State, reading of data from the memory cell is again per 
formed (step S35). 

In step S35, a sub sense operation in step S35A and a main 
sense operation in step S35B are performed. Thereafter, it is 
detected whether a Sub Sense result coincides with a main 
sense result (step S36). In step S36, if the sub sense result 
and the main Sense result are still in non-coincidence with 
each other, the memory cell is determined defective (NG) as 
a margin failure cannot be resolved and a necessary error 
processing is performed. 
On the other hand, in step S30, if an address is not 

registered, the memory cell is determined to be one not 
causing a margin failure yet and reading of memory cell data 
is performed (step S31). In step S31 as well, there are 
performed a Sub Sense operation in Step S31A and a main 
sense operation in step S31B. 

Then, it is determined whether or not a Sub sense result 
and a main Sense result are in coincidence/non-coincidence 
with each other (step S32). In step S32, if it is determined 
non-coincident, the unregistered address is registered at 
reference current adjusting section 20 (step S33). After the 
operation in Step S33, the proceSS returns again to Step S30. 
When comparison is again performed on the addresses in 

step S30, the address of the memory cell is registered at 
reference current adjusting Section 20 and a result of the 
address comparison indicates coincidence. Therefore, refer 
ence current adjustment is performed to increase the refer 
ence current for increasing the margin. 

In steps S32 and S36, if it is determined that a sub sense 
result and a main Sense result are in coincidence with each 
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other, then determination is made on whether or not the main 
sense result indicates the erased state (step S37). If the main 
Sense result indicates the erased State, it is determined that 
compensation for a threshold Voltage of a corresponding 
memory cell has been made to complete the erased State, 
followed by designation of the next address (step S38). 
Specifically, determination is made on whether the current 
address is the last address, or it is determined whether or not 
the erase verify operation on the last address is completed 
(step S39). If the current address is determined to be the last 
address, and it is determined that the next address exceeds 
the last address, the erasure is completed. 
On the other hand, if the verify operation on all the 

memory cells to be erased is completed, the process returns 
to a process node B to perform an erase setting again (Step 
S20). This is because in the last verify operation, a current 
level of reference current Iref is raised in the last verify 
Setting step (step S27), and it is required to re-set a quantity 
of the reference current to an original State where a margin 
is Severe. 
On the other hand, in step S37, if a main sense result 

indicates a State different from the erased State, it is deter 
mined that a corresponding memory cell is non-erasable, 
and a defect (NG) is indicated and a necessary error pro 
cessing is performed. 

In an erase operation, the reference current condition is 
changed when a predetermined number of times of Verifi 
cation is performed and a verify defect occurs in the verify 
operation of a memory cell. Accordingly, a memory cell of 
a margin failure can be repaired and the deteriorated 
memory cell characteristic can be compensated for. 

Note that in the above description, erasure is performed in 
a memory cell by injection of hot electrons. AS an erase 
operation, however, a collective erase operation may be 
performed in a word line unit, for example. 

In Such a collective erase operation, memory cells in 
non-erased State are detected according to a verification 
result and an erasure pulse is applied thereto, and a memory 
cell in over-erased State might be present. In order to restore 
a memory cell in the over-erased State, there is performed 
re-writing after erasure (write-back) is performed, or the 
write-back operation of Setting all the threshold Voltages of 
memory cells to a positive Voltage level in a memory cell 
unit. AS erase Verification, there is performed an operation of 
verifying that every bit is in the eased state but not in the 
over-erased State. On writing-back, a write-back pulse is 
applied to an over-erased memory cell with a memory cell 
being a unit. The writing-back is performed just by applying 
write-back pulses on a word line of an erasure object till no 
current will flow in a bit line while the word line is 
maintained in non-Selected State. Only an erase verify opera 
tion is required, and the write-back Verify is not required 
because the write-back is performed on Over-erased memory 
cells in a memory cell unit (since no over-writing back 
arises). 

FIG. 16 is a flowchart representing an operation in write 
(programming) operation mode. With reference to FIG. 16, 
description will be given of write (programming) operation 
below. Here, in the following description, the term “writing” 
is used as being the same as “programming.” 

Write operation mode is designated when a write desig 
nating command is Supplied. In write mode, a write program 
is first started in control circuit 5. Furthermore, write setting 
is performed for writing (step S40). The write operation is an 
operating mode of Setting a threshold Voltage of a memory 
cell high. In this case, in order to make a margin Severe, 
Verify current Iref to the Sense amplifier is increased So as to 
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facilitate detection of a threshold voltage drop defect. That 
is, in reference current generating circuit 2 shown in FIG. 
12, Switching transistor SW4 is Set in an off State according 
to program mode instructing Signal /PRG, to raise a Voltage 
level of reference Voltage Vref, for increasing a current level 
of reference current Iref. In the write Setting, an operation of 
adjusting the reference current in accordance with compari 
Son with an address registered in the control circuit is 
ceased. 
When step S40 for write setting is completed, a write 

Sequence for performing writing of data is performed on a 
memory cell (step S41). In the write operation, to a memory 
cell for which the threshold Voltage is raised, a positive 
Voltage pulse is applied to the control gate thereof, a positive 
Voltage pulse of the order of /2 times the gate Voltage is 
applied to the drain thereof and the Source thereof is Set to 
ground Voltage level. In this State, hot electrons are gener 
ated in a drain to Source current and are accelerated with the 
positive Voltage applied to the control gate to be injected into 
a data Storage region in the insulating film. Bit lines of 
memory cells other than a write target are Set into floating 
State, to cause no channel current to flow. 

Then, after the writing is completed, there is performed 
write verify operation to verify whether or not writing is 
correctly performed (step S42). In the write verify operation, 
comparison reference current Iref is increased in current 
level, in order to make the margin Severe. As a result of the 
Verification, when it is indicated that a threshold Voltage of 
a memory cell is Set Sufficiently high to cause Substantially 
no current flow in a memory cell, that is, in Verification 
normality, the next address is set (steps S43 and S44). It is 
determined whether or not the next address exceeds the last 
address (step S45). 

If the next address does not exceed the last address, there 
is again performed the operation in Step S41 for executing 
the write Sequence. Here, in Step S45, it is determined, in 
Setting the next address, whether or not the current address 
is the last address and based on the result of determination, 
it is further determined whether or not writing is performed 
on the last address. Therefore, in the write Sequence shown 
in FIG. 16, writing is performed on a bit by bit basis. 
On the other hand, in step S43, when a verify defect (NG) 

occurs, the number of times of verify defects is first counted 
in step S46 and it is determined whether or not the number 
of times of verify defects reaches the maximum number 
(MAX). If the number of times of verify defects does not 
reach a prescribed number, the process returns again to Step 
S41 to perform writing to the memory cell. 
On the other hand, if the number of times of verify defects 

reaches the prescribed number, there is performed the opera 
tion in step S47 for last verify setting. In step S47 for the last 
Verify Setting, a margin for a memory cell is Set large to 
perform the verify operation. That is, in step S47, adjustment 
of reference current Irefset in step S40 is completed. That 
is, in FIG. 12, program instructing signal /PRG is set to H 
level to turn Switching transistor SW4 into an on state, to 
lower a Voltage level of reference Voltage Vref to decrease 
a current level of reference current Iref. 
When the operation in step S47 for the last verify setting 

is completed, there are performed the operations in Steps in 
proceSS node C et Seq. of the last verification Sequence PVO 
for writing. 

FIG. 17 is a flowchart showing contents of an operation 
in the write last verify sequence PVO shown in FIG. 16. 
With reference to FIG. 17, description will be given of the 
last verify operation for writing below. 

In FIG. 17, in the last verify sequence for writing PVO, 
after the operation in step S47 for the last verify setting is 
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completed, it is first determined whether the address of a 
memory cell of interest is registered at reference current 
adjusting sections 20 and 22 (step S50). If the address is 
registered yet, reading of data in the memory cell is per 
formed (step S51). In step S51, there are performed the 
operation in Step S51A for a Sub Sense operation and the 
operation in Step S51B for a main Sense operation, or the 
dual Sense operation is performed. 

In the write verification, a write verify voltage is higher 
than an erase verify voltage. In step S51, a current level of 
reference current Iref flowing into the Sense amplifier is Set 
to be larger than reference current Iref in step S42 for write 
Verification shown in FIG. 16, and a margin is increased. 

Then, it is determined whether or not a Sub sense result 
and a main Sense result are in coincidence/non-coincidence 
with each other (step S52). If the Sub sense result and the 
main Sense result are in non-coincidence with each other, a 
current (a residual current) Irmn flowing into the Sense 
amplifier is decreased since the memory cell is in a margin 
failure State while Set in the written State and a compara 
tively large current flows in the memory cell. Therefore, in 
order to decrease comparison reference current Iref for the 
memory cell, the address thereof is registered at reference 
current adjusting section 22 shown in FIG. 12 (step S53). 
Then, after the operation in step S53 is completed, the 
process returns again to Step S50. 

In step S50 for address comparison, since the address of 
the memory cell is already registered at reference current 
adjusting Section 22 in Step S53, the address comparison 
result indicates coincidence, adjustment of the comparison 
reference current is performed to decrease a level of the 
comparison reference current (step S54). 

Then, with the comparison reference current decreased, 
write verify reading of data from the memory cell is again 
performed (step S55). In step S55 as well, there performed 
two Sensing operations of a Sub Sense operation in Step S55A 
and a main sense operation in step S55B. 

Then, it is determined whether or not the Sub sense result 
and the main Sense result are in coincidence/non 
coincidence with each other (step S56). In step S55, the 
comparison reference current is adjusted to have a current 
level decreased and the residual current is set to a decreased 
State, that is, to a State corresponding to a threshold Voltage 
lowering defect. In this State, if the Sub Sense result and the 
main Sense result are in non-coincidence with each other, 
such a state is determined a verify defect (NG) in which 
margin failure cannot be resolved, and a necessary error 
processing is performed. 
On the other hand, if the Sub sense result and the main 

sense result, in steps S55 and S56, are in coincidence with 
each other, then it is determined whether or not the main 
sense result indicates the written state (step S57). In step 
S57, if the main sense result does not indicate the written 
State, it is a verify defect and the memory cell is determined 
to be a write defect (NG), followed by a necessary error 
processing. 

If the main Sense result indicates the written State, a 
margin failure of the memory cell is resolved, and the next 
address is designated (step S58). Then, it is determined 
whether or not the operation for the last address is completed 
(step S59). If an operation for the last address is not 
completed yet, the process transitions to a process node D 
and the operation in step S40 for the write setting shown in 
FIG. 16 is again performed. That is, again at the next 
address, the reference current is increased to reduce a margin 
and a verify operation is performed regardless of 
registration/non-registration of the address. 
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Therefore, in Verify operations on memory cells, a quan 
tity of the comparison reference current is adjusted for only 
a memory cell causing a verify defect a prescribed number 
of times. Thus, a correct Sense operation can be performed 
while resolving a margin failure of only a memory cell with 
a margin failure, without causing a margin failure in a 
normal memory cell. 

In a case where an address is registered at reference 
current adjusting Section 20 and 22, if deterioration in 
memory cell characteristic has occurred, the memory cell 
characteristic gets worsened in the same direction with 
increase in the number of times of rewriting. Therefore, 
especially no necessity arises for cancellation of the address 
after registration. In a case where a memory cell causing the 
threshold Voltage lowering defect in the written State is Set 
into an erased State, the memory cell causing the threshold 
Voltage lowering defect and Set in the erased State, can 
Sufficiently increase the margin for reference current Iref, 
and data can be correctly read out therefrom. Therefore, 
especially no necessity arises for cancellation of a registered 
address according to a logical level of Stored data in a 
memory cell. 
AS described above, according to the first embodiment of 

the present invention, in reading of memory cell data 
(including verify operation), Sense operations for margin 
detection and for data reading are performed under the States 
of different margins. In addition, a memory cell with a 
margin failure is detected, and a Sense current (reference 
current) is adjusted according to a result of the detection So 
as to compensate for the margin failure. Margin compensa 
tion can be performed correctly only for a memory cell with 
a margin failure. Thus, reading of data in a memory cell with 
a threshold Voltage defect can be correctly performed with 
out exerting an adverse influence on reading of data in a 
normal memory cell, thereby enabling repairing of a 
memory cell with a margin failure to extend a product life 
time. 

In compensation of a margin failure, adjustment is made 
in only a quantity of the reference current Supplied to the 
Sense amplifier, thereby enabling compensation of a Sense 
margin failure with ease. 
A margin failure is detected by Sense operations with 

different Sense margins from each other according to a dual 
Sense Scheme, thereby enabling detection of a memory cell 
with a Sense margin failure with certainty. 

In the above construction, a residual current of a current 
flowing into a memory cell from a read current Supply circuit 
Supplying a current to the memory cell and a reference 
current are Sensed by a Sense amplifier. A configuration may 
be employed in which, to the Sense amplifier, a current 
flowing through a memory cell and a bit line (virtual Source 
line) is Supplied and the reference current is also adjusted 
according to a quantity of a current flowing from the 
memory cell through the virtual Source line. 
Second Embodiment 

FIG. 18 is a flowchart showing a margin compensation of 
a non-volatile Semiconductor memory device according to a 
second embodiment of the present invention. In FIG. 18, in 
compensating for a margin failure, data in a memory cell is 
first read out (including verify operation). In step S60, dual 
Sensing is performed; a Sub Sense operation in Step S60A and 
a main sense operation in step S60B are performed. The Sub 
Sense operation in Step S60A and the main Sense operation 
in step S60B are the same as those in the dual sense 
operation in the first embodiment. 

Then, it is determined whether or not a margin failure 
occurs according to a Sub Sense result and a main Sense 
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result (step S61). In step S61, if no margin failure is 
generated and data is correctly read, or if the main Sense 
result and the Sub Sense result are at the Same logical level, 
no margin adjustment is performed. 

In step S61, however, if the main sense result and the sub 
Sense result are in coincidence with each other, but the main 
Sense result is different from rewrite data in logical level, 
necessary error processing is performed, based on the deter 
mination that a rewrite defect occurs and a margin failure is 
not resolved yet. 
On the other hand, in step S61, when it is determined that 

a margin failure exists, that is, when the Sub Sense result and 
the main Sense result are different from each other, a 
processing for increasing a margin is performed (step S62). 
In Step S62 for increasing the margin, it is determined which 
direction to increase a margin, that is, whether a threshold 
Voltage lowering defect or a threshold Voltage rising defect 
occurs. Based on the result of determination, the direction of 
threshold Voltage defect is registered together with an 
address indicating the threshold Voltage defect. In this case, 
a threshold Voltage defect address may be registered in a 
program circuit, together with a flag indicating a kind of the 
threshold voltage defect. 

In Step S62 for increasing the margin, an operation for 
Suppressing an occurrence of a margin failure in a Sub Sense 
operation is performed in the processing of increasing the 
margin. That is, adjustment of a Voltage level of a read 
voltage (including a verify voltage), adjustment of a 
memory cell drain voltage (a bit line voltage), or other is 
performed according to the registered address and a corre 
sponding threshold Voltage defect indicating flag. Therefore, 
an operation of resolving a margin failure is not limited to 
an operation for adjusting the reference current for the Sense 
amplifiers. When a change in threshold Voltage is generated 
due to a change in characteristic of threshold Voltage, what 
is required at least is to perform an operation of compen 
Sating for the change in threshold Voltage to equivalently 
achieve a State where the threshold Voltage changes. 

FIG. 19 is a diagram Schematically showing a configu 
ration of a main part of a control circuit according to the 
second embodiment of the present invention. In FIG. 19, 
control circuit 5 includes: an address registration section 30 
registering the address of a memory cell with a threshold 
Voltage defect; an address margin adjustment control Section 
32 for determining whether or not a margin failure arises 
according to output Signals of Sense amplifiers 3 and 4 and 
registering the address at the address registration Section 30 
together with a flag indicating a threshold voltage (Vth) 
abnormality according to a result of the determination; and 
a margin parameter adjusting Section 34 for adjusting margin 
determining parameterS PARA according to a registration 
address designation instructing Signal from address regis 
tration section 30. 

Parameter PARA adjusted by margin parameter adjusting 
Section 34 includes a read Voltage, a bit line Voltage and 
other(s). AS for margin adjusting parameter PARA, a voltage 
level Serving as a comparison reference may be adjusted if 
the Sense amplifier is of a Voltage Sense Scheme. In a case 
where there is allowance in time for data reading, there may 
be performed an operation Such as delaying the timing of 
Start of a Sense operation. Parameter PARA is adjusted So as 
to compensate for a threshold Voltage abnormality to cause 
a margin failure. 
A threshold Voltage abnormality flag indicates the direc 

tion of a change in threshold Voltage caused by a change in 
threshold Voltage characteristic. Instead, Similarly to the first 
embodiment, address registration Section 30 may be config 
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ured to have an address registration Section Storing the 
address of a memory cell with a rise in threshold Voltage and 
an address registration Section Storing the address of a 
memory cell with a drop in threshold Voltage provided 
Separately. 
AS described above, according to the Second embodiment 

of the present invention, when a margin failure arises in a 
Sense amplifier in data reading, the address of a memory cell 
causing a margin failure is registered, and a parameter to 
determine a Sense margin is adjusted in the direction of 
compensating for reduced Sense margin according to a 
registered address and information indicating a threshold 
Voltage abnormality. Thus, data in a memory cell with a 
margin failure can be read correctly while compensating for 
a margin failure without exerting an adverse influence on 
reading of data in normal memory cells. 
Other Example Applications 

Application of the configuration in which a plurality of 
Sense amplifiers are coupled in parallel to an internal bus to 
operate these Sense amplifiers with different Sense margins 
from each other to detect a Sense margin failure is not limited 
to this non-volatile Semiconductor memory device. 
Generally, this multi-Sense Scheme can be applied to any 
Semiconductor memory device, provided that data read out 
internally from a memory cell is Sensed by a Sense amplifier 
to generate internal read data. Error detection on internal 
data can be achieved by detecting non-coincidence between 
logical levels of output data of Sense amplifiers. In addition, 
correct reading of data can be Secured by determining a 
logical level of output signals from plural Sense amplifiers of 
3 or more in compliance with a majority principle. 
A configuration in which in data reading, set conditions 

for reading of data in a memory cell are changed according 
to the address of the memory cell can be applied to a general 
Semiconductor memory device as well. That is, for example, 
in a case where a read voltage of a memory cell is low, when 
the memory cell of a low read voltage is Selected, conditions 
Set for reading from a memory cell are changed by adjusting 
an appropriate parameter among various parameters in the 
Second embodiment. Thus, the read voltage from the 
memory cell can be equivalently increased to read memory 
cell data correctly. 

While each embodiment is described with reference to an 
insulating film trapping type non-volatile Semiconductor 
memory device Storing data by accumulating electrons in an 
insulating film. As a non-volatile Semiconductor memory 
device, however, a non-volatile Semiconductor memory 
device Storing data by accumulating electric charges in a 
floating gate formed of an electrically conductive material 
Such as polysilicon may be employed. 

Furthermore, contrary to the first embodiment, written 
State and erased State of a memory cell may be correlated to 
a low threshold State and a high threshold State, respectively. 
AS described above, according to the present invention, 

detection is made on a Sense margin failure due to a change 
in a threshold Voltage characteristic of a memory cell and a 
parameter to determine a Sense margin is changed So as to 
compensate for the margin failure. Accordingly, data in a 
memory cell with a margin failure can be read correctly 
without exerting an adverse influence on data reading from 
a normal memory cell. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

38 
What is claimed is: 
1. A non-volatile Semiconductor memory device compris 

ing: 
a plurality of non-volatile memory cells each for Storing 

5 data in a non-volatile manner and each including a 
memory cell transistor having a threshold Voltage 
changed in accordance with Storage data; 

detection circuitry for detecting and Storing a change in 
threshold Voltage characteristic for each of the plurality 
of non-volatile memory cells, 

read circuitry for reading Stored data in a Selected memory 
cell of Said plurality of non-volatile memory cells, in 
accordance with comparison of a read current corre 
sponding to a current flowing in Said Selected memory 
cell with a reference current; and 15 

reference current control circuitry for Setting a magnitude 
of Said reference current in accordance with a result of 
detection by Said detection circuitry. 

2. The non-volatile Semiconductor memory device 
according to claim 1, wherein 

Said reference current control circuitry is configured to 
change a magnitude of Said reference current, in accor 
dance with a result of detection by Said detection 
circuitry, Such that an influence on Said read current 
exerted by a change in threshold Voltage characteristic 
of Said Selected memory cell is cancelled. 

3. The non-volatile semiconductor memory device 
according to claim 1, wherein 

each memory cell transistor has a threshold Voltage 
changed in accordance with its change in threshold 
Voltage characteristic, and 

Said reference current control circuitry is configured to, 
according to the result of detection by Said detection 
circuitry, increase a magnitude of Said reference current 
when Said read current increases in accordance with the 
change in threshold Voltage characteristic of Said 
Selected memory cell. 

4. The non-volatile Semiconductor memory device 
according to claim 1, wherein 

each memory cell transistor has a threshold Voltage 
changed in accordance with its change in threshold 
Voltage characteristic, and 

Said reference current control circuitry is configured to, 
according to the result of detection by the detection 
circuitry, decrease a magnitude of Said reference cur 
rent when Said read current decreases in accordance 
with the change in threshold Voltage characteristic of 
Said Selected memory cell. 

5. The non-volatile semiconductor memory device 
according to claim 1, wherein 

Said detection circuitry includes: 
an address Storage circuit for Storing an address of a 
memory cell of which threshold Voltage characteristic 
changes; and 

a comparison circuit for comparing an applied address 
designating Said Selected memory cell with a stored 
address in Said address Storage circuit and outputting a 
Signal indicating a result of comparison, and 

Said reference current control circuitry is configured to Set 
a magnitude of Said reference circuit in accordance 
with Said result of comparison. 

6. The non-volatile semiconductor memory device 
65 according to claim 5, wherein 

Said address Storage circuit further Stores, associated with 
the address indicating a location of Said memory cell, 
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information indicating a direction of a change in thresh 
old Voltage of Said memory cell due to the change in 
threshold Voltage characteristic. 

7. The non-volatile semiconductor memory, device 
according to claim 5, wherein 

Said address Storage circuit includes: 
a first address Storage circuit for Storing an address of a 
memory cell having a threshold Voltage increased in 
accordance with the change in threshold Voltage char 
acteristic, and 

a Second address Storage circuit, for Storing an address of 
a memory cell having a threshold Voltage decreased in 
accordance with the change in threshold Voltage char 
acteristic. 

8. A Semiconductor memory device comprising: 
a plurality of memory cells arranged in rows and columns, 
a plurality of bit lines, provided corresponding to the 
memory cell columns, each connecting to the memory 
cells on a corresponding column connected; 

a plurality of Sense amplifiers, electrically coupled com 
monly to a bit line connecting to an addressed memory 
cell of Said plurality of memory cells, each for ampli 
fying data of Said addressed memory cell appearing on 
Said bit line when activated; and 

Sense control circuitry for controlling operations of Said 
plurality of Sense amplifiers in different ways from each 
other. 

9. The Semiconductor memory device according to claim 
8, wherein 

each of Said plurality of Sense amplifiers is configured to 
compare a read current corresponding to a current 
flowing through the bit line connecting to the addressed 
memory cell with reference data on a reference data 
line and outputs a Signal indicating a result of com 
parison. 

10. The Semiconductor memory device according to claim 
9, wherein 

Said reference data line is configured to transmit a refer 
ence current as Said reference data, and 

each Sense amplifier is configured to compare a read 
current corresponding to the current flowing through 
the bit line connecting to the addressed memory cell 
with the reference current, and outputs a Signal indi 
cating a result of comparison. 

11. The Semiconductor memory device according to claim 
8, wherein 

Said Sense control circuitry is configured to activate Said 
plurality of Sense amplifierS Such that each of Said 
plurality of Sense amplifiers has a Sensing margin, 
different from those of the other sense amplifiers, for 
the data of the addressed memory cell. 

12. The Semiconductor memory device according to claim 
8, further comprising 

detection circuitry for detecting a Sense margin failure for 
Stored data of Said addressed memory cell in accor 
dance with output Signals of Said plurality of Sense 
amplifiers. 

13. The Semiconductor memory device according to claim 
8, further comprising 

internal read circuitry for generating internal read data 
corresponding to Stored data of Said addressed memory 
cell in accordance with an output signal of a prescribed 
Sense amplifier of Said plurality of Sense amplifiers. 

14. A Semiconductor memory device comprising: 
a plurality of memory cells, 
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40 
reference circuitry for generating and outputting reference 

data having a condition thereof changeable; 
internal read circuitry for comparing data read from a 

Selected memory cell of Said plurality of memory cells 
with Said reference data and reading the data in Said 
Selected memory cell on the basis of a result of com 
parison; and 

reference data control circuitry for Selectively changing, 
in a specific operation mode, the condition for the 
reference data outputted by Said reference circuitry in 
accordance with an address of Said Selected memory 
cell. 

15. The Semiconductor memory device according to claim 
14, further comprising: 

an address Storage circuit for Storing an address of a 
memory cell which is determined that its threshold 
Voltage characteristic changes, and 

a determination circuit for determining whether an 
address of Said Selected memory cell is Stored in Said 
address Storage circuit, wherein 

Said reference data control circuitry is configured to 
change the condition for the reference data in accor 
dance with a result of determination of the determina 
tion circuit. 

16. The Semiconductor memory device according to claim 
14, wherein 

each of Said plurality of memory cells includes a memory 
transistor having an charge accumulating region accu 
mulating a charge and having a threshold Voltage 
changed in accordance with the charge accumulated in 
Said charge accumulating region, and 

Said reference data control circuitry is configured to 
change the condition for Said reference data in a verify 
operation mode for detecting whether charges corre 
sponding to Stored data are accumulated in Said charge 
accumulating region of Said Selected memory cell. 

17. The Semiconductor memory device according to claim 
16, wherein 

Said verify operation mode is an operating mode of 
detecting whether Said Selected memory cell is set to a 
first State where a charge is extracted from Said charge 
accumulating region, 

Said reference data is a current flow, and 
Said reference data control circuitry is configured to 

change a magnitude of the current flow as Said refer 
ence data on the basis of a threshold Voltage of Said 
Selected memory cell in Said first State. 

18. The Semiconductor memory device according to claim 
16, wherein 

Said verify operation mode is an operating mode of 
detecting whether Said Selected memory cell is set to a 
first State where a charge is injected into Said charge 
accumulating region, 

Said reference data is a current flow, and 
Said reference data control circuitry is configured to 

change a magnitude of the current flow as Said refer 
ence data on the basis of a threshold Voltage of Said 
Selected memory cell in Said first State. 

19. The Semiconductor memory device according to claim 
14, further comprising: 

an address Storage circuit for Storing an address, and 
a determination circuit for determining whether an 

address Stored in Said address Storage circuit is desig 
nated in a read mode for reading the data in Said 
Selected memory cell, wherein 
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Said reference data control circuitry is configured to 
change the condition for said reference data when Said 
determination circuit determines that Said address 
Stored in Said address Storage circuit is designated in a 
read mode for reading the data in Said Selected memory 
cell. 

20. The Semiconductor memory device according to claim 
19, wherein 

42 
Said internal read circuitry includes a circuit for compar 

ing a current corresponding to the data in Said Selected 
memory cell with a reference current corresponding to 
Said reference data, and 

Said reference data control circuitry is configured to 
change a magnitude of Said reference current. 
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